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ALL NOTED WIRES TO BE MICROOOT TYPE 2-3938 
GYRO TORQUE ENABLE SIGNAL MUST BE RECEIVED AT LEAST 
20 MILLISECONDS PRIOR TO ANY TORQUE SET PULSE 

GYRO SELECT SIGNAL MUST BE RECEIVED AT LEAST ONE CLOCK TIME (3200 CPS) 

PRIOR TO ANY TORQUE SET PULSES 

GYRO RESET PULSE MUST BE GIVEN AT LEAST ONE CLOCK TIME (3200 CPS) 

PRIOR TO DE-ENERGIZING THE GYRO SELECT SIGNAL LINE 
ALL INPUTS FROM THE COMPUTER ARE TO BE TWISTED SHIELDED PAIRS 
CURRENT SWITCH MUST BE IN RESET CONDITION PRIOR TO RECEIVING GYRO 
TORQUE ENABLE SIGNAL FROM'THE COMPUTER 

A POSITIVE AGC TORQUE COMMAND (+&©) SIGNAL PRODUCES TORQUE IN THE TM- 
W1NDING OF THE GYRO RESULTING IN A POSITIVE ROTATION ABOUT THE GYRO NPUTAXIS 
NO EXTERNAL LEADS SHALL BE CONNECTED TO EITHER THE +20VDC TERMINAL (PIN NO.®) 
OR TO fHE ± 20VDC RETURN TERMINAL (PIN NO. 17) ON THE BINARY CURRENT SWITCH 
ERROR SIGNAL IN PHASE WITH DEMODULATOR REFERENCE RESULTS IN A POSITIVE 
TORQUE MOTOR VOLTAGE 

; INTERPRET DRAWING IN ACCORDANCE WITH STANDARDS PRESCRIBED 
. BY M1L-D-70327. . 
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NOTES : 

1. JUMPER CONNECTIONS MADE IN CDU HEADER * 

TO INTERCONNECT INTERNAL MODULE CIRCUITRY. 

FOR DETAILS REFER TO CORRESPONDING MODULE 
SCHEMATIC . 

2. STRUCTURE GROUND- TIE POINT TO WIRE WRAP 
HEADER ASSEMBLY. 

3. SEE SLOCK H HEADER CONNECTOR DWG CSM 
2.010073 ) 4 LEM GOIOOOI FOR TEST POINT USAGE. 

4. RESOLVER ANGLES © AND SCALING DESIGNATIONS 
(iV SIN S6‘4»°) SHOWN IN QUADRANT SELECT AND 
VASA MODULES ■* REPRESENT I6X RESOLVER OUTPUTS 
EXPRESSED IN ELECTRICAL DEGREES. 


DELINEATED ON THIS DRAWING i 
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FROM P6A 


0+28VDC' 


„ TRUNNION 
INTERROGATE 
* PULSES 


J USED 
\EC4l 


CSM ONLY-TO TRUNNION 
MOD 4 DIGITAL MODE MODULE 


* 414 V DC 


(l) ISS 

INTERROGATE 
PULSES 


TO DIGITAL NODE 
MOD 4 TO INNER, 
MIDDLE 4 OUTER 
EC4L MODULE 


ZJJ SEC, 51.2 KPPS 


TO DIGITAL MODE NODULE 


Z5.6KPPS SYNC TO 
4 V POWER SUPPLY 


ABORT GUIDANCE 
INTERCONNECTION 
LEM ONLY 


STRUCTURE GUD ■ 


+ <t-v 

TO ISS REF 
GENERATOR 


LO HI | 


LQ 3/1 SEC, 1600 PPS 


14 V POWER SUPPLY 


SHAFT INTERROGATE 
GENERATOR 


J OPTX/R/R REFERENCE 
1 GENERATOR 


TRUNNION 
INTERROGATE GEN 


ISS INTERROGATE 
GENERATOR 


ISS REFERENCE 

GENERATOR 


PULSE DRIVER 


14 V POWER SLPPLY 



INTERROGATE 


\ crossover 

t C IRCU/T 


MODULE I 

C SCHEMATIC gOlOQfe^) j /^31 

T hTC 

CSM-FROM OPTICS POWER \ 28 V DC -* 

LEM- FROM I MU POWER J 44 V LO - 


J .GV TO TRUNNION --|- 

VTffiRO. GEN. L. 

CROSSOVER CRT \ 


FROM SHAFT 
fNTERRO. GEN. 


Uf0\/4F\/60\ 


\47I\26G\ 1/6*1 
II Hi \L0 


HI] \LO 

um rzM_ 


TtiT I WI\ 


44V LO 


USED CSM ONLY . . 
TRUNNION COS /9 - V0/L 90 
FROM MSA MODULE 


COS(e-V)l30* ISS 28Vl 


TO *f4 V 
RETURN! 


CSM-FROM OPTICS POWER SUPPLY\ 
LEM-FROM IMU POWER SUPPLY I 


28V 800ro 1% 


ISS-28V 
800ru /% 


CLOCK 
SI. 2 KPPS 
FROM AGC 
ORLGC 


HI I LO 



3JLd SEC, 51.2KPPS 


— 4V RETURN 

— Z&V MIXED F 
MODE MODUt 


25.6KPPS FROM 
DIGITAL MODE MODULE 


4V POWER SUPPLY 




































read counter module 

(SCHEMATIC 2010049 ) 


COUNTER STAGE 

—?—r 


READ COUNTER 

t A RESOLVER 
(MECHANICAL A NGLE.) 

(0.0055°) 


/5X RESOLVER _ 

/ELECTRICAL ANJftCEl 


(•OS 9 ) 


Pt (4*) 



(z) 


il 


{ 


H 


ZZ6 1 
122 
225 \ 
126 
120 
Z20\ 
123 
2/9 1 

m 

240\ 


P 


P 


CT 


THIS SHEET ADOE.D 
PE« TORE IlH 
' AdutiLetfi't 
UM 5 


UM5 /fe*i***»,*^ l L 


/t4> jf«/ A UAt 




L'A' 


LO 


:}• 


HI 


tr 


LO 




XSS CPU ZERO 


LJ w ' 


V* FROM MODE MODULE 




HI ^ 


256 

A2 2 MAX RATE l(oOO PPS ^ 


255 

LO 






ECtL MODULE. 
(.SEE SHEET I ) 



} 


FROM 4V POWER SUPPLY 


MOTES • 

'• JUMPER CONNECTIONS ^ WMtW CDU >1V^« ^ 


109 


D SEE MOTE I 


JUMPER CONNECTiOM o mwt 

INTERCONNECT INTERNAL M ®gULtCIRCUlTRY . 

FOR DETAILS REFER TO CORRESPONDING 
MODULE SCHEMATIC. 

z. STRUCTURE GROUND - TIE POINT TO WIRE 
WRAP HEADER ASSEMBLY. 

a epp BLOCK. TL HEADER CONNECTOR DWG CSM 

I^ToOlS^i LEH GOIOOOI FOR TEST POINT USAGE. 

4. resolver mosle* « mjd scaling “I*'®**™-* 1 * 

Cle SIN SSV 4 . 0 ) SHOWN IN QUADRANT SELECT AND 

mowles, represent ISK resolver outputs 
expressed IN electrical DEGREES. 




\I34 


DELEN/ATED ON THIS DRAWING .* COUPLING DATA UNIT (CDU) Z HURE 
MECN. APPLICABLE FOR I MU RENDEZVOUS RADAR CDU AXIS , 

LEM A CSM. 


&• a 

I; ‘ 

C 


TURN ON 
ENABLE (Q) 
~~ FROM 
DIGITAL MODE 
MODULE 




UNLESS OTHERWISE SPECIFIED 
DIMENSIONS ARE M INCHES 

MIT 

INBTNUMENTATION lam 

MANNED SPACECRAFT CENTER 

HOUSTON. TEXAS 

- - 


FRACTIONS DECIMALS ANOLES 

DO NOT SCALE THIS 0RAMNN6 

drawn H-rE*e<moAn+i*i 

IMU-REND RADAR 

CDU BLOCK DIAGRAM- 
BLOCK H C Z LINE MECN) 



- A.PAL**. J.J.A5- 



MATERIAL 

AAWwvA^tiNT yWSlA^J3!Mtk-T 



heat MeaHient 

NASA APPNWAL^t/fl A^Lh. . 

dj-Y-cr 

mit 

COOL IOCNT NO. 

SIZE NASA DRAWING NO. 

J ZOt 5566 

next assy 

UKD ON 

?JkTlOM 

FINAL MB* _ 

SCALE - 

m ‘ ISHKT Z » t I 


! • __1., 
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interrogate 

(I) 



r;g UOTC a* TO COO COM HECTOR TP-C/ 


COARSE TERNARY 

LEVEL CC,) lo 


S£E. NOTE 3-TO C0U CONNECTOR TP-F/ 
FRO M MAIN C~ p, NE — 


FRO M MAIN C~ P , NE - 

SUMMING AMP J rERNARY^flu 
<? QUADRATURE I LEVEL 
<*35 ) REJECTION MOO 


VO AMB LOGIC 
PART OF 
)IGITAL MODE 
MODULE 


FROM DIGITAL 
MODE MODULE 


I 

i-j, L - 

I SYNCHRONIZED INTERROGATE 


\ ALTERNATE PULSE SYNC 


* ALTERNATE PULSE 
I SYNC OPERATES ON 
i COARSE SELECT LOGIC 
TO PREVENT RESETTING 
OF COARSE-FINE FF ON 
ALTERNATE INTERROGATE 


'ERENCE /P°J. FROM INTERROGATE MODULE 

/CHANGE SIMULTANEOUSLY 
TO DIGITAL MODE ( AT 02 $ OPPOSITE 
MODULE FAIL CKT. \ p OLA Ri T Y 


module fail ckt. 

UP LEVEL -» ^ 


SEE NOTE 3 - TO tCDU CONNECTOR TP-Fz y 

FROM MAIN C HIGH - 

SUMMING* AMP TERNARY 
C QUALRAXTURE [_ LEVEL 
REJEC 'KDN MOD - 

FROM MODE MODULE >- 


- 1 PULSES I 

^ Cg ^ 5g ’ FINE F* Cg S 1 1 

{ HIGH RATE {h [S (C% +Fz) TAJ] 

. ** r r + 

LOW RATE jL \S ?z Fz *o] 

SYNCHRONIZING PULSES I2,*3* i/4 02 ALLOW 
CHANGE OF PQ TO NIGH OR LOW RATE AT Iz TIME 
PROCEEDING THE NEAT N OR L PULSE OR UPON 
RECEIPT OF Ao 

RATE SELECT 


DOWNLEVEL -_J 

TP-UG TO COU CONNECTOR - SEE NOTE 3 


AGC_L06/C 

| +&Dq 9 U»&2 j 

-A06*0.A2*[J 

LOGIC j 


1 HI r 

1 lo 


-A0 S 


TO D/A MODULE 


| DRIVE PULSES 

(P6) 


17771 17^31 


\llo\loe\t04\l0l\l06\ 


PART OF ERROR COUNTER $ LOGIC MODULE 

READ COUNTER LOGIC SECTION | 

(SCHEMATIC 2010048) L 


HI _ 

* 0 ' AMBIGUITY DETECT FROM COARSE MODULE 

——► TP-AD TO COU CONNECTOR - SEE NOTE S 


A CONVERTER 

(IE 


SEE NOTE S~TO CDU CONNECTOR I 


TP-PI _ 

800 OR 12,8 EPPS 
AT 04 


INHIBIT READ LO 
COUNTER (Y) FROM 
”DIGITAL MODE MOD 


AMBIGUITY OVERRIDE (Ao) 


HI LO HI | » ~ ~ --- 

BOOPPS (L) | I T AT *4 


FROM DIGITAL MODE MODULE 


I -I FROM 

84 Vi -6 K PPS) TTTT r *° 0£ mooule 



MAIN SUMMING AMPLIFIER 4 
QUADRATURE REJECTION MODULE 
(SCHEMATIC 2010047) 


Sf SIN 0 
Sz SIN 0 121. 

S# StM 6 * — 

- TIP 141 

Sf cose 

■--* 133 

Sz COS 0 - 

-» 134 

S 3 COS 0 — 

—--*/37 

S+ COS 0 - 


76 PtKJS 

COS II1/4* 

-AV- 

COS 33 3/4* 
-- 

COS 56 1/4* 

-W- 

COS 76 3/4 * 

SIN II 1/4* 

-- 

SIN 33 3/4* 

SIN 56 !/4* 

SIN 78 3/4* 

- SAA - 

BIAS 

-- 

S3-II.Z5 • 


5.61* 



vw - 

— L5J62S* *' " t" 

S IS 

2.81* 

-JW 

— L 2 .BI * -- 

- s /tf 

1.40 0 

— L 1.40* ... 

- S /7 

0 .70 9 

■vA/NA .. 

— L0.70* —— 

- 

0.35* 

vWN-___ 

— L 0.35 * -- 

- S/9 

0.175* 

— L 0.176* « .. 

- 

O.O 88 0 

— Laos* •*— 

- *21 

0.04 • 

■AAA—- 

- L0.44* -- 

hi 

L GND DISTRIBUTED ^ 

GND 



T 26 V 
DISTRI 6 
SEE PIN 
2S2 



SEE PINS 250,260, 264 


FINE ERROR 


FINE TEST POINT 
TO CDU CONNECTOR - 
SEE NOTE 3 
R 70 

- -► D/A CONVERTER MODULE AND 

DIGITAL NODE MODULE FAIL Ckt 


TO QUADRANT 
SELECTOR MODULE 


i:l 

, / 4 .4 HI r 


I S9 — II. ZS * 
$J 0 A AC 


4-28 V<+- 
TO PIN 230 


FINE 

ERROR 

SCHMITT 


\(COS 8-4) 1 


FINE TERNARY LEVEL (F,) 
LO i—| i—| 


TO READ COUNT LOGIC SECTION 
OF E C $ L MODULE 


FROM 

READ 

CORNIER 

MODULE 


KCOS 8 -W) 


-800 PPS -VAR! ABLE WIDTH 
EXISTS IN OR OUT OF PHASE 



LADDER AMP LO 
SIGNAL GROUND T 


SIGNAL EXISTS FOR ERRORS (Be) — 20~30 SEC EQUIVALENT 6/MfiAL ANGLE 
(0 E = ANGLE BETWEEN I MU 6 IMBAL 4 CDU READ COUNTER) 


► TO 90*PHASE SHIFT LO 
* TO S20tS2i,S22 
" TO S/s, S/s, S /3 


EMITTER 

FOLLOWER 

(EF) 


-GAIN SCALING CONNECT FOR RR 
$ ISS OPERATION ONLY. 




iWB 





3-3r] 


i=-Ji 


TO At, A Z 
TO P14 

' TO Dzo, D2t, D22 
' TO JCT 0/6, D/g,D , 9 
' TO JCT D/s , 0/7 
‘ TO JCT RdZ, R 86 


QUADRATURE 

REJECTION 

CIRCUIT 


HIGH 
LEVEL \ 
SCHMITT 


^SIGNAL GROUND TO COARSE MODULE 

HI _ 

HIGH TERNARY LEVEL (F Z ) 

LO I I I I a/i/t nne- _ I/A H / 


TO READ COUNT LOGIC 
SECTION OF EC € L 
MODULE 


TO 

COARSE 

MODULE 


DC 9 ^- 

OPTX TRUNNION ONLY • 

D C8 - - 

0C 7 -- 

DC **■- 

DCS - 


m 


• +28V TO PIN 207 


_n_n_ 800 PPS - VARIABLE WIDTH 
J E XISTS IN OR OUT OF PHASE 


SEE NOTE I 


S/2-//»25* 


+ 14V.PIN 102- 
TO PIN 208*+ 

cos (8-*r> 


- + 90* PHASE 

_ SHIFT 

LO (90* 0) 


SIGNAL EXISTS FOR ERRORS ( 8 E )> APPROX 0.1* 


STRUCTURE GROUND — 


1 162 I 1571 /SI I I59\l46\ 


\lZd\2IO\/Z7\/07\ 


SEE NOTE I 

. - -- 

i 160 1 147 1 265 1 135 1A441 /58 1 145 [ I64\ 


TO DIGITAL MODE MODULE FAIL CUT ,!*/ 
OPTICS TRUNNION APPLICATIONS 
TO INTERROGATE MODULE 


0C4 + 
DC 3 - 
DC 2 ' 
DC/ - 
LOGIC GND - 


10 7 

a-j, 


Z0I5566 Hi 


QUAD F. ». 


TP -8 

MODULE TEST POINT 


I 
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TO READ 
COUNTER 
MODULES 


TO DIGITAL 
MODE $ 

EC £L MODULES 


ZSS CDU FAIL . 


70 CGC/L<»C 


R/R-OPTICS CPU «/ f r ro acAsc 


-STRUCTURE. GWD 


JA/Z/ CDL/ f/t/L DETECT 


OPTICS /RENDEZVOUS RADAR CDU FAIL DETECT 


122 /3 5* 236 137 235 134 /33 /32 /23 2Z4 125 /2S /29 /3/ 


1263 I 27/ | 17/ 1269 I /68 I /67 ] /6Q [262 | /65 | 166 | /62 | 


t (ISS COMMON) 

l tomEif s(my --- 

IS5 

FROM PSA —-- 


INNER COARSE ERROR. 


MIDOLE COARSE ERROR 


FROM 
ECtL . .1 
4 WHILES i 


I INNER READ COUNTER UP LINE 


OUTER COARSE ERROR 


FROM INTERROGATE MODULE 


FROM 

COARSE SYS 
MODULES 


COARSE ERROR - FROM R / R trunW/OW COARSE MODULE (HOT USED IKJ CSM) 

COARSE ERROR— * FRQM r/r 5haft coarse MODULE(NOT USED IN CSMj. 


MIDDLE READ COUNTER UP LINE 


COS (0-r) & 90* 


OUTER READ COUNTER UP LINE 


FROM 4 V F.S. 


(OPTICS C0MM0N)4 V RET 


PINE ERROR 


FROM TRUNNION MSA MODULE 
(OPTICS *CSM\) OR C R/R-LEM) 


INNER FINE ERROR 


FROM PS A 


OPTICS 26 V DC 


COS (&- V) L 90° 


FINE ERROR 


MIDDLE FINE ERROR 


FROM SHAFT MSA MODULE 
(OPTICS-CSM) OR (R/R-LEM) 


OUTER FINE ERROR 


FROM MSM 
MODULES 


INNER COS (9-V) Zl 90* 
MIDDLE COS ( 9-P) A 90° 
OUTER COS (S-V) A 90* 


FROM 

ECfL MODULES i 
(OPTIC5-R/R ) | 


SHAFT READ COUNTER UP LINE 


TRUNNION READ COUNTER UP LINE 


DELINEATED ON THIS DRAWING *. 

COUPLING DATA OMIT (CDU) Z WIRE VAECH APPLICABLE 
FOR OPTICS TRUNNION AND SHAFT A*\S CSM 
APPLICATION! ONLY. 


NOTES • 

I. jumper connections MADE IN CDU header 

TO INTERCONNECT INTERNAL MODULE CIRCUITRY. 
FOR DETAILS REFER TO CORRESPONDING MODULE 
SCHEMATIC . 


1. STRUCTURE GROUND- TIE POINT TO WIRE WRAP 
HEADER ASSEMBLY. 


► TO 41/ POWER SUPPLY 


ABBREVIATIONS t 

I. CDU - COUPLING DATA UNIT. 

Z. CGC - COMMAND MODULE GUIDANCE COMPUTER. 

3. CSM - COMMAND AND SERVICE MODULE . 

4. FB “ FEEDBACK 

5. FOAI - FLIGHT DIRECTOR ATTITUDE INDICATOR 

6. 6*C - GUIDANCE 4 CONTROL. 

7. ISS * INERTIAL SUB SYSTEM 

6. LEM - LUNAR EXCURSION MODULE 
S. IGC - LEM GUIDANCE COMPUTER 
tO. PSA - POWER 4 SERVO ASSEMBLY 

II. R/R • RENDEVOOB RADAR 

12. S/C - SPACE CRAPT 

13. SPS • SERVICE PROPULSION 

|4. TVC - THRUST VECTOR CONTROL 

15. MV - MILLIVOLTS 

16. TT - TIE POINT FOR WIRE-WRAP INTERCONNECT 

17. NC - NO CONNECTION 


3. SEE BLOCK H HEADER CONNECTOR DWG CSM 

2.01007 B * 4 LEM 6010001 FOR TEST POINT USAGE. 


4. RESOLVER ANGLES © AND SCALING DESIGNATIONS 
(if. SIN S6‘6°) SHOWN IN QUADRANT SELECT AND 
MSA MODULES •» REP I6X 4 64 X RESOLVER OUTPUTS 
EXPRESSED IN ELECTRICAL DEGREES. 


LINE OF SIGHT ANGLE IS EQUAL TO TWO TIMES 
THE MECHANICAL ANGLE. 


6. AMBIGUITY LOGIC AND DETECTION WOT USED 
IN OPTICS TRUNNION APPLICATION . 


7. SHEET I , SHOWS THE OPTICS SHAFT 6 TRUNNION MODtNG , 
INTERROGATE FUNCTIONS, ETC. AND THE D/A 
FUNCTION . THE O/A FUNCT \ ON IS IDENTICAL EXCEPT FCRSCAAJWG. 
SHEET 2, SHOWS THE OPTICS TRUNNION A/D FUNCTION 2-S SEC 
MECHANICAL TRUNNION ANGLE LEAST SIGNIFICANT BIT. 
SHEETS, SHOWS THE OPTICS SHAFT A/D FUNCTION EO sTc 
mechanical SHAFT ANGLE LEAST SIGNIFICANT BIT. 


B. COMPUTER PULSE WEIGHT OPTICS CDU - CGC . 
A) OPTICS OPERATION SHAFT (MECHANICAL) '. 
± A© & (CDU TO CGC) O' 40 SEC 
± A©c (CGC TO CDU) St IfeO SEC 
TRUNNION (LINE OF SIGHT)'. 

± A©<* (CDU TO CGC) — jo %E.c 
1 (CGC TO CDU) a 40 SEC 


+ V REVUR N] 


B) TVC OPERATION * (USING D/A DC ERROR SIGNALS) ^ 

PITCH SPS ENGINE GlMSAL (SHAFT D/A) ± A©c(CGC To e»u)» ISO *EC 
TAW SPS ENG INE GIVIEAL(TRUNk!lON IVA)*. 1 AG C (CGC TO CDU) -160 SEC 


S.TUAE GW0 


UNLESS OTHERWISE SRECIFIED I 

- DIMENSIONS AIK IN INCHES I 

TOLERANCES ON I 

* FRACTIONS DECI MAL S ANGLES L 


MANNED SPACECRAFT CttflER 


OPTICS TRUNNION 4 SHAPT 


J-/MS- CDU BLOCK DIMoRAlV/\ 
^dt£ BLOCK H (2 LINE MECH) 




J 2015567 




BUHTlSfli 


\\* 












q4 C AUTOPILOT 
(y $.C AUTOPILOT 


CONTROL. FROM S/C - IN CSM, ISS + 2BV DC - IN LEM 
CONTROL OPERATE TO CSC - USED IN CSM ONLY 

ISS COARSE ALIGN ENABLE _ . 

ISS CPU ZERO __ 

R/R OR OPTICS D/A ERROR COUNTER ENABL E 

R/R - OPTICS CPU EERO _ 

ISS ERROR COUNTER ENABLE I 



CAGE OVERRIDE 


THRUST VECTOR CONTROL 
ENABLE FROM CGC 
DISPLAY INERTIAL DATA 
FROM LGC 


SHAFT CPU ZERO (c) 
TRUNNION CDU ZERO (z) 


TO READ COUNTER 
MODULES , DIGITAL 
MODE MODULE 4 
INTER MODULE 

'ISS CDU-ZERO" 

inner middle outer 

t t t 


' TO READ COUNTER MODULE 


TO 114 U INNER DjA MOD 
-«J TO IMU MIDDLE D/AMOD 

f_ iJ TO IMU OUTER 

14 VDC { DjA MODULE 


IMU PULSE 
DRIVER SUPPLY 
TO CDU TEST 
I CONNECTOR 



TO READ 
• COUNTER 
MODULES 


TO DIGITAL 
■ MODE € 

ECfL MODULES 


ISS CDU FAIL \ J0 CGC/LGC 


ml Mil LOl Mil Lol H/l LO 






M ODISJG BUFFERS 

(during presence of cage overide COARSE ALIGN RELAY 
ENABLE IS PROVIDED TO PSA AND ISS ERROR COUNTER 
ENABLE IF PRESENT IS INHIBITED ) 


gggqgaEainiElBBEgl 



PHASE BUFFERS 


■■HB- 



wan 


EBEEIBEIEOMH^^lISlIiESiEEiBilEIBISSI 


*COARSE ALIGN RELAY ENABLE 

m (iss operation only) 


CDU ZERO DRIVE R/R-OPTICS (z*) 





44 V DCJ_ +V \RFT\ 


IMU CDU FAIL DETECT 


I /35" I 236 137 235 134 /33 132 123 224 /25 /26 /29 13/ 


FROM 4V POWER SUPPLY • 


(ISS COMMON) 
ISS +26 V DC 


IMU OPERATE 


TO CGC OR LGC FROM 4 V 
L POWER SUPPLY 


OPTICS 26V DC 


FROM 

ECtL 

MODULES 


► 428V M IKED To 
INTERROGATE MODULE 
SHAFT D/A MODULE \ 

TRUNNION D/A MODULEy 9 


INNER READ COUNTER UP LINE | 
MIDDLE READ COUNTER UP LINE 
OUTER READ COUNTER UP LINE 


INNER FINE ERROR 


MIDDLE FINE ERROR. 


T INNER COARSE ER 
MIDDLE COARSE ER 


OUTER COARSE ERR 


FROM 4 V P. S. 
FROM PSA 


FROM MSA 
MODULES 


OUTER FINE ERROR _ 

INNER COS (6-V) h SO 0 
MIDDLE COS (e-P) A 90° 
OUTER COS (0-W) A 90* 


FROM f 

f L MODULES ^ 
(OPTIC 5-R/R) 


| ISS CDU ZERO DRIVE 
1 55 COARSE ALIGN ENABLE 


ISS ERROR COUNTER ENABLE 


0Z DRIVE 


03 DRIVE 
04 DRIVE 


ISS CDU ZERO (RANDOM) 


TY MC NC 

I I I 




I SIO 1 Z/+ |22tf \Z!b \ t4&\Z3&\ 


CLOCK $ LOGIC 


TIMING DIAGRAM 


[ TO E C <57. 
[ MODULES 


DISTRIBUTED 

INTERROGATE 
GENERA TOR 
CIRCUITS 


MODE COMMON 


DIGITAL MODE COARSE ALIGN 


155 MODING 
SYNC LOGIC 


Y=Ca.*£ +z 


SI. 2 KPPS 


12.3 KPPS 


DIGITAL MODE MODULE 

(SCHEMATIC 0 ZO!OOS3) 


►*> SHAFT € TRUNNION 
EC*L MOOULES 


ERROR 
COUNTER 
ENABLE (E) 


COARSE 
ALIGN , 
ENABLE (Ca) 


INHIBIT READ 
COUNTER (Y) 


70 SHAFT <f (™ A 
TRUNNION _J 

EG fL 

MODULES J 


TO ISS 
E C&LA 



Ca c®, c*. 


► TO 4\! POWER SUPPLY 


- 4 V RETURN j 


-STRUCTURE GWD 


is? isa /fG 


\E44\263\Z49 £<6 


COARSE ALIGN 


-rju 


ERROR COUNTER 
ENABLE 


TO ISS 
ECfL 
MODULES 


1 LO LO^ [H/__ 

** 51.2 KPPS INVERTED TO 
INTERROGATE MODULE 


CDU CLOCK SI.2 KPPS FROM 
INTERROGATE MODULE_ 
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e reset (b) I 
m read era r 

>*MKCflOA/ I 
PTY 

in) TO TRUNNION 

mi 

IN LFM ONLY 


Structure cnd) 


, S/CCONTROL OF S ATURN PH S/C 
USED M C6M ONLY 


S/C CONTROL OP SATURN OPERATE 
TO AGO - USED IN CSM ONLY 


LOT USED IN* OPTICS 
’ A^PL'.CAT'.OXi 


//^|\0- USED IN C^CS 

1——I a, 33 - ca.t;cn:2> 


0£/r£/?4 (ROLL) 


JyW// 0/4 ERRORS f •*- 

«J/f 54W* J MIDDLE ^ (YAV/) 

STEERING CONTROL l"* 

USED INCSMONLY (-a - 


SUB TAKEOVER J FROM 

I tec 


C*M ONLY 


-SIGNAL GND FROM MSA MODULE 


4£23|MO“ USED IN OPT.CS APPLICATIONS 


DC ERROR 
SIGNAL 


TO MODE. MODULE USED IN *. 
CSM- FOR TVC(OPTICS D/A'S) 

' lem - for display of inertial. 

DATA (R/R D/A'S) 


INNER \ (PITCH) 


MODE 

MODULE 

(’SCHEMATIC 2010054) 


CSKA - PITCH SPS ENGINE GtMSAL. 
LEM - FORWARD VELOCITY 


CSM - YAW SPS ENGINE GIMEAL 
LEM - LATERAL. VELOCITY 

- OPTICS 28 VRM5 

> 900 ~ - USED 
-J Ml CSM ONLY 

,-"I ISS 28VRMS 

>&00~ - USED 
I—J IN CSM ONLY 


-64C AUTOPILOT CONTROL FROM S/C • IN CSM, ISS 4- 
►G*C AUTOPILOT CONTROL OPERATE TO CG C - USED 
r ISS COARSE ALIGN ENABLE _ 

ISS CDU ZERO 

x r/r or optics d/a error COUNTER ENA 

FROM CGC < -— 

R/R - OPTICS CDU ZERO 

ISS ERROR COUNTER ENABLE I 


THRUST VECTOR CONTROL 
ENABLE FROM CGC 
DISPLAY INERTIAL DATA 
FROM LGC 


25 V DC - 
IN CSM 


/04 ll05l H9l/20|<03l220|2/7 | 222 


4V LO TO D z 
DISTRIBUTED 


IN CSM: OPTICS D/AS-TO MODE MODULE OPTICS 
1 D/A'S reference excitation 

> IN LEM*. R/R D/A'S - TO PSA ISS 28V 800 CPS 1% 

lMU D/A'S- NOT USED 

I TRUNNION, shaft drwe signal to PSA OPT ICG 
f RELAY MODULE < TRUNNION,SHAFT MOTOR 

> DRIVE AMP) 


- 4 14 V DC FROM MODE MODULE 




DC ERROR 
FROM ISS 
MODULES 
USED /A/ 
CSM ONLY 





TRUNNION 


ERROR 
COUNTER 
ENABLE (E) 

COARSE 
ALIGN , 
ENABLE fC a ) 














































,Tj« 



25.6* PPS TO 
INTERROGATE MODULE 


800 PPS 04 ( L ) 
TOALL EC £ L 
MODULES 


TO 1SS INNER , MIDDLE 
£ OUTER EC $ L MODULE 


CSM • OPTICS TRUMUlOVi 
EC t L MODULE 
LEVA 2 R/R TRUK1MVOM 
EC 4 L MODULE 


CSM S OPTICS SHM=T 
EC i L MODULE 
LEM *. R/R SH/sPT 

EC C L MODULE 


R/R TRUNN AMR RESET(&) 

FROM TRUNN READ CTR f —| 
MODULE. CON/N/ECTED /Kl 
LEM ONLY 



239 2*0 


26 ? 


25.6 KPP5 PULSE 
GENERATOR 


y**pom 


LO 

a?oT 


TO PlhJ 1 23 


HI 




HI 


LO 


TO PIN 1SS 


TO 

I 


1226 \zzs \zf& I 


> P/A/ __ * i 

39 ThT’ £0 /// y Z77 

[2/r | 2/3 ja/V |2V6 


TO PIN TO 
14.1 114 


2 i ^ TO PIN 

4 Hi] LO HI] L0\ lie 


1 R/R AMBIGUITY 
► V OVERRIDE?Ao) TO TRUNNION 
I E C £ L NODULE 
J CONNECTED IN LEM ONLY 


2*/ 2*5- 23? 23J 


0/1 02 s 04 


COUNT DOWN 


■ 



■j 

■ 



1 



■ 

■ 


■ 


1 


VARIABLE 
TIME FROM 
80 TO 20/1 
SEC 


155-12,*3 GENERATOR 
TIMING DIAGRAM 

1 J_L- 


x* 

x 3 


1600 
PPS , 
3// SEC 


i-r 

i-r 

h i i i i i i i i i T\t% K 

I I I I 1 I " \3NSiC 


HI 


T 7 T 

02 


FROM 

MODE MODULE 



FROM 



| R/RrOPTICS TRUNNION 
1 2 ,1 3 GENERATOR 
(TIMING DIAGRAM SAME 
AS ISS~I 2 ,l3 GENERATOR) 


LT 

0i,0z.04~* 


t Z TO Ij,r 3 6EWE(?ATC»?S 
02 TO MOPING SYNC LOGIC I 

E =J to rss 

AMBIGUITY LOGIC 


DISTRIBUTED TO 
TRUNNION <f SHAFT 
X Z , X 3 GENERATOR 


HI 


INTERROGATE^ JSS INTERROGATE 
MODULE ^ 


/TOM /UO0f MODULE 


FROM 

03 INTERROGATE 

FROM MODULE 

MODE MODULE (w ***} 


npr 




R/R AMBI6UITY OVERR IDE (A o) 
TO SHAFT ECfL 
MODULE CONNECTED 
IN LEM ONLY CB) 


f A MB RES < 
J FROM R/R 
REAOCn 
L COUKIECTE 
CEM OM1, 


■ FROM PIN ti 


I 


/63 /O? 


RlR-OPTICS shaft 
I 2 ,I 3 GENERATOR 
(timing diagram same 

AS ISS-I 2 ,I 3 GENERATOR) 


03 —1_ 
01 , 02,04 J 



3 


3 


CSM : OPTICS TRUNNION 

INTERROGATE CO 


LEM ! R/R 

I NT ERRO SATE Cl/ 


2*? 


LO 


HI 


RENDEZV 0 U 5 


TRUNNION 


( USED IN LEM ONLY) 
SAME AS R/R SHAFT 
AMBIGUITY LOGIC 


CD 


LO 


SHAFT INTERROGATE FROM 
INTERROGATE MODULE 


ZO'55C,7 


AMBIGUITY DETECT FROM 
R/R TRUNNION COARSE MOD 
Ms I LEM ONLY 


1 - 


1 /;/ j//V|7^ "f 


FROM PIN 2 


~n _r: 


RADAR ' AMBIGUITY 


LOGIC (SEE 


(B) 


SHAFT 


As-Z 


(Z)- 


RESET 

AMBIGUITY I 
FLIP FLOP .| 
A S SET 


TT 



| 1 


r 

A C • 12 

H 

A c RESIT 

n 

l_J 2 

CONTROL 



FLIP FLOP 


Ac-Z-I z 

H 

A C SET 

H 


*/ Xj 


Ad-I*R t 


R/R SHAFT-Jz' il 


UL 




*2 


| /45 | /S3 | 

/39 

\/49 | 

1 /64T | 


M 

P 


P 


k (Z)‘ 

1 

r 


IOI 


LO f HI 


{ RR CDU EERO FROM 
MODE MODULE 


'—FROM PIN 217 
FROM PIN 215 


□ 


K 


IS 


14 










\Z 



w 

t 















(Pe) _ 

PULSE SELECTION LOGIC 

<£5 * Ca A 0 C 2 X /V 
6 /« SYNCHRONIZED BY 0/ 50 THAT 6 
DURATION IS 0 / THRU NEXT 0t 
FOLLOWING RECEIPT OF A A Oc PULSE 
fZ>E s EN (&9 c2 + CaA2 2 ) 
(EN^ea2 SYNCHRONIZED BY 01 4 04) 
PULUES Pe ARE TRANSMITTED TO THE ERROR 
COUNTEtR INPUT AT 04 


$1 _ (N) 






INHIBIT ERROR 
CTR UP PULSES 

US 


_ ZEROJJETECT _ 

Zj » 2i *1 -2 J Z* 2| 2i zl 2§ 


HMM3S Mf*P**LF. 




70 4/40 

f INHIBIT OAC 


INTERNALLY 
DISTRIBUTED 
TO ERROR CTR 
AS SHOWN 


■ - 

H/ 


206 ■" 



20$ - 

a L0 

02 


HI 


259 - 

a L0 

03 

255 - 



SATURATION 
L* DETECT 

U L N^U L 2 7 Z* 


FROM EC $L MODULE 
(SEE MOTE 8) 


from ec£l module 

( SEE KJOTE 6) 


TV ECtL MODULE 
( SEE. UOTE ©> 


_ HI 

+ A B'G LO 

_ HI 

-aq'g LO 


~ A9 ' G 


it? /37 \241\ /43 


L I - ERROR CTR ENABLE (E) FROM DIGITAL MODE MOOULE 

^.__ INHIBIT D/A TO 5HAFT D/A MODULE. (INHIBIT ON LOSS OF 4V) 

MIDDLE t 'OUTER EC $L MODULES t 
t DIGITAL MODE MODULE 


FROM MODE 
MODULE 


WON 

Of F 


3/1 SEC, 5L2K PPS 


TO DIGITAL MODE NODULE 


TO LEM ABORT 
GUIDANCE SYSTEM 
NOT USED IN CSM 


1 ss REFERENCE 
GENERATOR 


25.6K PPS SYNC TO 
4 V POWER SUPPLY 


HI] T LO 

1 ///1 uk r 


PULSE DRIVER 


ABORT GUIDANCE 
INTERCONNECTION 
LEM ONLY 


14 V POWER SUPPLY 


INNER G/MBAL 
■FA 9 Q -A 9g 


HI T 10 T ]HI T LO 

1 / 0 /I I/ 0 &I 2 Q 2 I idO/l 


+ ,4v AGS PULSE 
"777* DRIVERS i LOGIC 


MIDDLE GIMBAL 
+&&G -A0(j 


HI] 10 ] T HI T LO 

1/071 i/oal 1E0>| ieo%j 


4I4YJ AGS PULSE 
n DRIVERS i LOGIC 


OUTER GIMBAL 
+A6g -A 0G 


HlJ LO * T H! T LO 

I/O* | \//Q || //9 | |//6 | 


4 / 4^ 1 AGS PULSE f / 4 ^ 
\*\ DRIVERS $ LOGIC | 


CDU-ZERO 

INDICATE 


AGS CDU-ZERO 
PULSE DRIVER 


25.6* PPS TO 
INTERROGATE MODULE 


HI I | LO 
I 239 |2f’3T" 


25.6 KPPS PULSE 
GENERATOR 


[£T 


3jU SEC, SI.2KPPS 


ryi i^L- 

Hl I | 40 


25.6KPPS FROM 
DIGITAL MODE MODULE 


[distributed to 

f AGS DRIVER LOGIC 


W4l/Z>cl 4V POWER 
- 4 V RETURN J SUPPLY 
-28 V MIXED FROM 
MODE MODULE 


Ton 12031 

ni*/ i ao 


I 

i OOHW Lf VEL 
UP LEVEL 


pc ?1 fits] flQ7] f73T| 

I >// £0 

A2° 

0OWV 4£V£4 

_ UP LEVEL 

PROM INNER READ 
‘ COUNTER MODULE 

. FROM INNER ERROR 
COUNTER € LOGIC MOOULE 


FROM MIDDLE 

► /?f*D COUNTER 

MODULE 

FROM MIDDLE 

► ERROR COUNTER 
c LOCK MOOULE 


ri7?l|//FH//3|[a73L_ 
I I*/ Uo 


r^ri r^L 

HI LO 

-C 


5/. 2 /C RR5 INVERTED 


a o- l F’ROAf 0O77FR 

A2 J COUNTER MODULE 

DOWN LEVEL > 

-- 1 FROM OUTER ERROR 

UP LEVEL r C0UN tER < 406/C MODULE 


j 753 COO Z£RO FROM 
|MOOE MODULE 

FROM DIGITAL MODE 
MODULE 


DISTRIBUTED 
FLL I Zf Z 3 
GENERATORS 


HI | 40 | 

. 0* i 


FROM 

MODE MODULE 




























READ COUNTER MODULE 

(SCHEMATIC 20/0049) 


OPTICS TROMMtOM NOTE "0 


- READ COUNTER 

COUNTER STAGE (MECHANICAL angle) 



BUFFER UNITS 


*>i(*a) 


( 2 5 


G4X RESOLVER 

(ELECTRICAL AUftLS) 

”1 (.044.°; 


\z° SET U— \Pl-Zo\ 


\Z° RESET - \Pr>2o 


FF jl_L 

> RESET «- \0 3 >2° 


(SEE NOTE /) 


D ~| Pj(2o *0 +2 0 U) 


(,0H° « 5 5£C ) 


(lo SEC ) 


(.oser) 



FROM MODE MODULE 


(zo sec) 


&2 2 MAX RATE 1*00 PPS 

LO (bZ z Or 40 SEC. UNft 

OF ftl&HT SEE MOTE ft) 


PIN 141 / 
PIM 140 


ECU MODULE 
CSEE SHEET I ) 


FINE SWITCH LOGIC 

D,=2" 2»zl.+7_7°s 

02=2? 2y>+2^2 ,0 2? 

D 3 = £ zPz'+z" z*zl 
04 = 2" 2*>2* + 2" 2 ,0 2' ) 
05 = ^ — 

Dt = Z n Z‘l_* Z ,z Z" 

D» = 2" 2® 

D» = 2^2 & 

0/2 = 2" 2*> 

013=2* 2 S 


BUFFER UNITS 



COARSE SWITCH LOGIC 

DC8 = 2 ,S (2 14 2 ,3 + 2^ 2*) 
DCi = 2 ,s (2 14 2 i3 + 2 14 2 ,b ) 
DCs-Zj^izJ 4 Z l3 + 2 14 2&) 
DCs=2&(Z* 2 13 +P 4 P*)_ 
DC4 = 2l 5 2 lA 2 l3 + Z^ 2 f4 2 t3 
j DC3 = 2 15 2' 4 Z'*+2'SI*ZK 
DC 2 =2 ,s 2 14 2*3 + 2 ,s 2& 2 13 
DCi —Z ,s 2^2 13 +2 ,S Z ,A 2 13 

AMB RESET (B) -2> 3 V 4 2~ 3 


1/46 K ——<JY 


106 [ ♦ - -<sj]- 

r~1 3 / 5 r~1, _ r~~r~~i r~i_ 

207| 2091 fco^Uofe] I lOftl H 0 T 1 I 6 \lll *29 

1 1 1 1 1 1 1 r i 1 1 1 1 1 1 1 11 x I 

rr MC TV IK TY HC KC. TY KC 


( .Oil® » C 3S.G SEC) 


(.022 °) 


(.044 V 


(.067 °) 


( -ITS V 


(.550°) 


( £.8 °) 


(n.zs # ) 


(??S°) 


( .70°) 


( 1.40°) 


(2.S\ °) 


(S.G2S°) 


fn.2s°) 


(22.50°) 


DISTRIBUTED 
TO AIL - 
LOGIC « 
ELEMENTS 



O&O*) 


riTTM [HIM |S»|2tl|2CS| 1^*1 

1 1 1 1 11 1 L i L i i x ,J f i 1 i 1 IT 

rr nc rr *c rr « Trm.ni ty ite ty *t 


U»i 2in +ZI0UI4 216 


fft fy 4 lit 


+4V 

+4V RETURN 


STRUCTURE 

GND 


SEE MOTE I 


MOTES CONT.* 

ft. COMPUTER PULSE WEISMT OPTICS COU - CGC . 

A) OPTICS OPERATION SHAFT (ME CHAM I CAL.) i 
Ue« (COU TO CGC) C!£ AO SEC. 

-4 0t (CGC TO COU) O: ISO SEC 

TRUNNION ( UKIE OF SIGHT) 1 ^ 

± AQfe (COO TO CGC) Ot tO SEC 
* GOC (CGC TO COO) OS 40 *EC 
ft) TVC OPERATION * (USING ©/A DC ERROR SIGNALS) 

PITCH SPS ENGINE GIMftLE (SHAFT T>/A) ± 4.0c. C CGC TO CDl)) - s f5- 

YAW SPS ENGINE. GIMftLE (.TRUNNION O/A) (CGC TO COI>) — aCC ” 


FROM 4-V POWER SUPPLY 


DELINEATED OW THIS DRAW IMG *. 

COUPUMG DATA OMIT (COO) 2. WIRE MECH APPLICABLE 
FOR OPTICS TRUNNION AMO SHAFT AXIS CSM 
APPLICATION ONLY 


1. JUMPER CONNECTION S MADE 'N COU HEADER TO 
INTERCONNECT IMTERMAL MODULE CIRCUITRY . 

FOR DETAILS REFER TO CORRESPONDING 
MODULE SCHEMATIC . 

2. STRUCTURE GROUND - TIE POINT TO WIRE WRA^ 

HEADER ASSEMBLY . 

5. SEE SLOCK U HEADER CONNECTOR DWG CSM 

2010015 i 4 LEM GOIOOOl FOR TEST POINT USAGE. 

4. RESOLVER AMGELS © AND SCALING DESIGNATIONS 
(ie SIM SG‘/4*) SHOWN IM QUADRANT SELECT AND 
MSA MODULES, REP. IGX 4 G4X RESOLVER OUTPUTS 
EXPRESSED IN ELECTRICAL. DEGREES. 

5. LIME OF SIGHT ANGLE IS EQUAL TO TWO TIMES THE 
MECHANICAL ANGLE. 

4 . AMBIGUITY LOGIC AMD DETECTION NOT USED IN OPTICS 
TRUNNION APPLICATION . 

7. Sheet i, shows the optics shaft 4 trunnion mooing , 

INTRROGATE FUNCTIONS , etc. 4 the O/A FUNCTION. 
the d/a function is identic AC EXCEPT FOE SCALIM^ASNOTEO. 
SHEET 2 ^ SHOWS THE OPTICS TRUNNION A/D FUNCTION 2.S SEC 
MECHANICAL TRUNNION ANGLE LEAST SlGNIF ICA^T JB'T. 

SHEET ft, SHOWS THE OPTICS SHAFT A/D PUNCT'ON 20 SEC 
MECHANICAL SHAFT ANGLE LEAST SIGNIFICANT S'T. 


MANNED SPACECRAFT CENTER 

HOUSTON. TEXAS _ 

OPTICS TRUNNION & S-iAF~ 

. CDU BLOCK. DIAGRAM 

BLOCK TL (2 line mcc-, ; 


iIpwawh . ! pateB-SM 


WMAzzr-rr 


J 2015SC7 




















FROM /INTERROGATE MODULE 


c§*9i> -1 * 


CHANGE SIMULTANEOUSLY 
AT $z $ OPPOSITE 
POLARITY 


itwti —_J 

^ r# ecu CONNECTOR - SEE MCTE 3 


ro 0/* MODULE -TRJNNIOhJ 

±%€E MOTe «) 


rrwsrpontr 
coy connector. 

: mote S 


TO QUADRANT 
SELECTOR 
MODULE 


»B40t MODULE 
X.% NM. 4Kt- 


TO /READ COUNT LOGIC SECTION 
3F £ C $ L MODULE -TKUWNION 


■ VARIABLE w orm 

WAR OUT OF P4ASIE 


fWROAl (Be) — fcS' 3,75 SEC. equn. trunnion amgle mechanical 
[« mukMGiJ icotu READ COUNTER) 


tOMMCCT POJ* R R 
ON ONLY. 


TO READ COUNTER LOGIC 
SECTION OF EC € L 
MODULE ,^RULhiiON 


ij 


variable width 
4 *. jrs IM OR C UT of phase 


I ERRORS (Bg)^. APPRO* 50 SEC. "^UVJNIONJ ANGLE MECHANICAL 


--90I-JS r^i. C*7V*/ 
>»*** a*WUC \TIQH3 
0FR moov • 


READ COUNTER MODULE 

(SCHEMATIC 2010049) 



'ER UNITS 


FINE SWITCH LOGIC 


,0 / =2 , ^V^2^2 9 


02=2" 2*2’ *2" 2*2’ 


D3 = 2^ 2* 2* *2" 2|°2^ 
0# = 2" 2 u> 2 9 +2 n 2 ,0 2 < * 
05 = Dfc — 


06 = 2 ,z 2" ♦ ^2" 


09 = 2" 2 c 


0/0 = 2 " 2 ® 


0,2 = 2 " 2 ' 


|o«=i 7T 2 6 


BUFFER UNITS 


DC4 = 2l»2 M 2 l9 +Z^2 l *2' 3 
DCs = 2 W 2 I*Z>*+2 IS PZ 13 
0C 2 = 2^ 2 * * Ts ♦ 2* 2?2^ 
DCl = Z #s 2 /4 2' 9 42 ,5 2*2 /3 

AMB RESET (d) ~2'* 2* 2* 


eO\55C>l ]¥| 


OPTICS TRUKi^OM A.XVS HOTe l) 

r -/?£>*£> COUNTER 

COUNTER STAGE (MECHANICAL ANGLE) 

I 2® ! ( 2.5 SEC. ; 


Pi^a) 


G4X RESOLVER 

(ELECTRICAL ANGLE) 


COARSE SWITCH LOGIC 

— 169 

146 \ 

DC8 = 2 is ( 2 ,4 2 i5 + 2*2*) *- 

— /*/ 

144 

DC 7 = 2 / 5 ( 2 / 4 < 2 / 3 -l* 2 ^ 2 ' 3 ; 
006=2^(2*2 ,3 +2* 2 75 / 1 *“ 

— 153 

140 

DC 5 —2 ,S (Z^ 2 13 + 2 J* P*)_ *■ 

— 155 

142 


C.OA4°; 


- 2° SET +— p I-2o 

FF 

- T° RESET +— Pi*2 0 
(SEE NOTE /) 


2o SET - - 

FF _n_ 

2o RESET «- \0 3 *2° 


/02 •"—<![—j—I z ts 

106 w—zz -<<]—* l- - 

r~i * / s r—i r~r~~i , rZL, 

2071 20» floTflofc] I >00l IIP 1 U* 1 Ul7|&2*l 


TY HC KC TY Mt 


D J Pl(2o*D +2 0 (J) 


(.OH ° = 5 SEC) 


(\0 SEC.) 


(20 sic; 


( .Oil* » ( 39.G sec) 


Cozz °) 


(.OAA °) 


(.087 °) 


( .175 V 


(*S0V 


(Z.S *) 


(U.VS?) 


(22.5°) 


(. 0 &&) 


( . 70 °) 


(1.40 0 ; 


r?.8\ v 


(S.G2S°; 




(22.50°) 


Cie>o*) 



FROM MODE MODULE 


DISTRIBUTED 
TO ALL - 
LOGIC * 
ELEMENTS 


A2 2 MA* RATE l&OO PP$ 
- 255 -:--- 


LO (L*l z Or 40 SEC UNE 

op sight see note B) 


PlKi 141 ' 
PIN 140 


EC A L MOD 
(.SEE SHEET 


MOTES COHT* 



6. COMPUTER PULfcf- WEIGH 
A) OPTICS OPf NATION G 
1 ASg (COO TO C< 

■t A ©C CCGC TO CT 

TRUNNION < LIOE OP S 
± £.G>fc (COU TO C< 
* CGc (CGC TO Cl 


B) TVC OPERATION *• (US! 
PITCH SPS ’LMGIME 4 
YAW SPS B HI A* *>ML Oi 


t4V 

t4 V PETURKI 


FROM 4V POWER SUPP .V 


DELINEATED ou this orawt 
COUPLING lt*TA UNIT (CDl 
FOR OPTICS. TRUUMION A 

APPLI CAT 1C IN ONlY 


STRUCTURE 

GND 


MOTES •• * « 

I. JUMPER COMAieCTIOM' 
INTER CC MM ECT 'NT ER 
FOR DETAILS REFER I 
MODULE SCHEVIATIC 


2. STRUCTURE GROUVIO 

header assembly .: 


%. SEE SVOCK U HEADS 
2.01 OO" S , 4 LEM GC 


SEE NOTE I 


4. RESOLVIIR ANGELS € 
(ie. S\N >G‘/A*) SHOWN 
MSA MODULES, REP.;: 
EXPRESSED INI ELECT 


5. L\V!E OF SIGHT AHGLE IS 

mechanical angle. 


G. AMBIGUITY LOGIC AND 

trunk*.on applvcat 


7. sweet i % swews the c 

ilTRICOGATE £ 
* r ‘-E ~ A FUN< 

sheet < . the ( 

MELnXN CAL T 
S*-EET *. S- CVXS THE 4 
vIECHXWICAL 1 


UNLESS OTMT w»sc s«cmco 
- WMfNSIONS *>« IN MCHCS » 

TOURANCES i N -.J~ 

‘ FRACTIONS OCCNMLS «NRII 


wp 

rr PC TT fit TY Pt TY UtKl TV DC TY WC 


|21i|2lF 42 »° i,4 ‘ 2I6 L 


TV WC TY WC NC 


NtXT ASSY j USCO ON 
APPLICATION 




































nr». <ifc.iawgaBMK.Mga 














wv^o m nii.1 


OPTX CDUZERO 

" T (z) 


\FROM MODE MODULE 


AZ* MAX, RATE 1600 PPS 

LO (LZ Z ^ 140 SEC SEE 
• KJOTE a) 


ECU MODULE. 
CSEE SHEET 1 ) 


DISTRIBUTED 
~ TO All « 
LOGIC - 
ELEMENTS 



DELINEATED OVi THVS OR^WIViG *. 

COUPLING* DATA UNIT (CDU) 2 WIRE MECH APPLICABLE FOR 
OPTICS TRUNNION 4 SHAFT AXIS CSM APPLICATION ONLY 


+4V ’ 

RETURN 


FROM 4V POWER SUPPLY 


STRUCTURE 

GND 


SEE MOTE I 


1. JUMPER CONNECTIONS MADE IN CDU HEADER TO INTERCONNECT- 
INTERNAL MODULE ORCUtTRY. FOR DETAILS REFER TO 
CORRESPONDING MODULE SCHEMATIC . 

2. STRUCTURE GROUND - TIE POINT TO WIRE WRAP HEADER ASSEMBLY. 

3. SEE BLOCK It HEADER CONNECTOR DWG CSM *2010073,4 
LEM 6010001 FOR TEST POINT USAGE. 

A. RESOLVER ANGLES © AND SCALING DESIGNATIONS <««, SIN SC'4* > 
SHOWN IN QUADRANT SELECT AND MSA MODULES , REPRESENT IS* f 
G4-K RESOLVER OUTPUTS EXPRESSED IN ELECTRICAL. DEGREES. 

. 5. LINE OF SIGHT ANGLE IS EQUAL TO TWO TIMES THE MECHANICAL 
ANGLE . 

4. AMBIGUITY LOGIC AND DETECTION NOT USED IN OPTICS 
TRUNNION APPLICATION . 

7. Sheet t , shows the optics shaft a trunnion moding , 

INTERROGATE FUNCTIONS ,ETC . S THE O/A FUNCTION . 

THE O/A FUNCTION IS IDENTICAC . EXCEPT *=OR 3EM.»NG^% N6TRD. 
SWEET Z SHOWS THE OPTICS TRUNN\ON A/D FUNCTION 2S SEC 
MECHANICAL. TRUNNION angle least significant bit. 
SHEET 3 , SHOWS THE OPTICS SHAFT A/D FUNCTION 20 SEC 
MECHANICAL SHAFT ANGLE LEAST SIGNIFICANT BIT. 

3. COMPUTER PULSE WEIGHT CPTICS CDU - CSC.. 

A) OPTICS OPERATION SHAFT (MECHANICAL) • 

t A&4 (CDU TO CGC) * AO SEC 
tAdc CCSC TO CDU) 26 ISO sSL. 

TRUNNION ( LINE OF SIGHT) *• 

1AQ<J (CDU TO CGC) Dc lO SEC. 
tA©c (tfcCTOCOU) D SO SEL. 

B) TVC OPERATION : (USING D/A DC ERROR SIGNALS) 

PITCH SPS ENGINE GNOLE(SHAFT D/A) *. ± A©c (CGCTO CDU) * WpO SEC. 

TAW SPS ENGINE GMBLE (TRUNNION WA)‘.l. G©C (CGC TO CON) 26 lGO SEC 


-ImMCNSIONS AM M MCMKS 
Jtourancu ON 
"iFWACTlONA M C MA U j 


N MFgffMW n ati A-J-w ! 


]2»3 2»I *10 214 *14 


TY ?r Sft MC 


MANNED SPACECRAFT CENTER 

HOUSTON, TPCAf __ 

OPTICS TRUMWOM t SHAFT" 
CDU BLOCK DIAGRAM 

( 2 tJECH) 

XM WWT NO. | «B NACA MAMMA NO. 

</ ZO! 5561 






























DISTRIBUTED 
TO ALL - 
LOGIC * 
ELEMENTS 




















































SELECTED ERROR I 
MODULE TEST POINT 


OPTICS SWA.PT A.XIS Cst© UOTC 1) 
TO-FROM 


MODULE^JN TE FROG A TE 


COARSE SELECT 


*kor : | | | | soopps—\ v 
POINT 1 1 1-L " { -.. 

\I42\\ TO -FROM 

COARSE FINE MIX a**”* 4 logic mod- q/a section 

T7*\ SELECTED I I *' ? f 2 


RESET 

COARSE-FINE 

FJF 

SET Cz 


SELECTED 

ERROR 

S-I(C,C 2 +F t C 2 ) 


jBEETWCrrE 5-TO COLT CONNECTOR T P-F/^ 

FROM MAIN r FINE - 

SUMMING AMP J TERN ARY CfLu 
$ QUADRATURE I LEW EL 
REJECTION MOD V - 


FROM DIGITAL 

mode module 


SEE NOTE 3 - TO CDU CONNECTOR TP-Fz, 

' FROM MAHTtF - HIGH - 

SUMMING AMP \ TERNARY 

c QUADRATURE: [~J.EVEL ±ZAlr 

REJECTION MOD - - 


•I ALTERNATE PULSE SYNC * 


1 SYNCHRONIZED INTERROGATE 


rjt. - | '' 

;er Cz — 1 ► * ALTERNATE PULSET' I 

1 SYNC OPERATES ON [ 

- COARSE SELECT LOGIC | 

. . — 1 TO PREVENT RESETTING . 

OF COARSE-FINE FF ON I 
S£ SYNC * ALTERNATE INTERROGATE J 

i— — PULSES I 

COARSE -FINE FP C g S r 

_ f NIGH RATE {mV's (Cz + F 2 )+Ao^ 

/fe J OR _ , T 

[LOW RATE \L\jl*zP%Xo} 
SYNCHRONIZING PULSES 2z,Zs* #/^ 02 ALLOW 
CHANGE OF PG TO HIGH OR LOW RATE AT X 2 TIME 
PROCEEDING THE NEAT H ORL PULSE OR UPON 
RECEIPT OF Ao ■- 

RATE SELECT 


k ue d g A 

Kpulse£>I 

UP-DOWN LOGIC 

Ug=SRz02 

D 6 =SR,0j 

UjsSFz io “ X _ 

D-(SRt+Ao)]~\ 
CHANGE ONLY AT 02^ 

1^ I" 


..JUTJl- 

IN PHASE REF (/?/) 

^jxnjnjT— 

OUT OP PHASE REF (R 2 ) 


Y_ _ n 

REFERENCE IP* L from INTERROGATE MODULE ~ 
n ^ ........ 


► TO MODE 
MODULE FAN. OCT. 

► UP LEVEL -1 


CHANGE SIMULTANEOUSLY 
AT 02 $ OPPOSITE 
POLARITY - - 


: FROM MODE MODULE} 


SEE NOTE 3~T0 CDU CONNECTOR \ 


[ DRIVE PULSES 
(PG) 


800 OR 12.0 KPPS I 1 I I 
AT 04 


P£=P6-G-Y 


-r^rM 

wf] fTTFl Vos] 


1 110 \/08\t04 1/071 106] 


INHIBIT READ L0 Hl L0 Hl 
COUNTER (Y) FROM 

“DIGITAL MODE MOO 8 


I 800 PPS (L) 
04 (12.8 KPPS) TT 


AGCJJ^&iC 

• fA0g *y*A2 I 

-A0g*0*A2 # L 

• LOGIC I 


PART OF ERROR COUNTER £ LOGIC MODULE 

READ COUNTER LOGIC SECTION j 

“ (SCHEMATIC 2010048) l 

90 PINS CTOTAL IISES) ■ 


FROM DIGITAL MODE MODULE 


► DOWN LEVEL —J 

► TP- UG TO CDU CONNECTOR - SEE NOTE 3 


TO D/A MODULE 
(SEE NOTE ©) 


>A9'« 

"-ASS 


FROM 

- MODE MODULE 


a 


—*14 


U34 4 

>—0/3 

138 4 

>-0/3 

124 * 

►-Off 

nr 4 

>-0m 

131 4 

►—Of 



MAIN SUMMING AMPLIFIER 4 
QUADRATURE REJECTION MODULE 
(SCHEMATIC 2010047) j 


+28 V 
DISTRI8 
SEE PIN 


5/ SIN 6 



76 PIUS 

COS II l/4* 

COS 33 3/4° 

COS 56 1/4* 
-- VW — 
COS 78 3/4* 

-- 

SIN II 1/4* 

SIN 33 3/4* 
SIN 56 1/4 9 
SIN 78 3/4* 
BIAS 

-s/W- 

S9-II.Z5 • 


SIGNAL GND DISTRIBUTED* 
SEE PINS 250,260, 264 


L5J625* -- 

S IS - 

, A<9. 

r % 

L 2.81* * — 

— s /« 

H ■ 

r °/6 

LI.40* * - 

-- S /7 U- 

" 1 

S~°n 

L 0.70* - * 

S I8 - 

- ' 

r °i8 

L 0.35* * - 

- S t9 * 

“■ 1 

J- °I9 

L 0.176* - - 

- S 20 m 


J ~ I D U : 

L 0.88* •—— 

- b, — 


J- D *l 

L 0.44* - - 

GND 

S 2Z J 

r 

J~°i2 




—D22J f FI ME TEST POINT 

J TO CDU CONNECTOR - 
■*"---^SEE NOTE 3 

FINE ERROR _ TO MODE MODULE 

--- OPTICS PAIL. CtCT 


TO QUADRANT 
SELECTOR MODULE 


Ji M .4 Ml 


+ 28V-+- 
TO PIN 230 


. FINE 
ERROR 
■ SCHMITT 


(COS 0-4) 1 

>(cos e-v) 


3 6 10 


FINE TERNARY LEVEL (F,) 

~To i—i i—i 


TO READ COUNT LOGIC SECTIOM 
OF £ C £ L MODULE -- 


EMITTER 

FOLLOWER 

(EF) 


J 800 PPS-VARIABLE WIDTH 
EXISTS IN OR OUT OF PHASE 

_SIGNAL EXISTS FOR ERRORS (Ge) - 2.0-30 SEC EQU1V. SHAFT ANGLE 
(Q E = ANGLE BETWEEN SHAFT 0 CDU READ COUNTER) 

GAIN SCALING CONNECT FOR " —~ ~ _ 

OPTICS SHAFT OPERATION . ‘ " — -~ 


TO A/,Az 
TO R14 

TO Dzo, 0211 022 
TO JCT Dfg, Dig , 0/9 
TO JCT D/s , 0/7 
TO JCT RdZ , *86 


SEE NOTE I 


$12-11.25* 


+I4V PIN 102 - 
TO PIN 2Q8 -+- 

cos (e-*r) 


QUADRATURE 
I REJECTION 
CIRCUIT 


- - 90* PHASE 

_ SHIFT 

LO (SO* 0) 

HI 


STRUCTURE GROUND 


Z 015567 


IS7\t5l\i39\t46\ 

jJj ' Cx 1 

i 


\l28\2l0\f27\l07\ 


HIT HIGH 

L "“* LEVEL 
SCHMITT 

f L—— 

• 428V TO PIN 207 


SEE NOTE / 

* 

\I60\I47\ 265 1 135 1 144 1 158 \ 145 1 !64\ 


js/G/VAL GROUND TO D/A MODULE 

HI _ 

HIGH TERNARY LEVEL (F%) 


TO READ COUNT LOGIC 
SECTION OF SHAFT EC4L 
MODULE 


L0 JUT. 800 PPS - VARIABLE WIDTH 
HI J EXISTS IN OR OUT OF PHASE 


SIGNAL EXISTS FOR ERRORS (Gg) > APPROX 0.1* 
. T& MODE MODULE FAIL CKT - - »i:r 


- COS (e-4) QUAD RS. 


TP-B 

MODULE TEST POINT 

































:r 


FROM I 

INTERROGATE MODULEA INTERROGATE 

__r L (I) 


OPTICS SHAFT AXIS (SE6. KiOTB * 7 ) 


S9-//.25* 
S/o A K _ 


QUADRANT SELECTOR MODULE 

(SCHEMATIC 20/0059) 

_ sn pikjs __ 


\Z5l\240\239\lM\ 


\230\Z29\ FROM LOGIC GND D/C 


S 4 s/N 9 SM ™3/4 m 

-aaa-- 

5 IN 6 SIN 56 l/4 m 


S 3 5IN 6 
52 SIN 0 
S, SINQ 


SIN 33 3/4* 
SIN II l/4* 


FROM 

OPTICS SHAFT 


is x sing - 
RESOLVER - 


/6X COS 0 - 
A£S<KMf«- 


MODULE TEST POINTS 


\P 4 S T %c 1 ^<;i 03cI P 2S 1 Qgcl g /s j % 1 


TEflyOC 

“ri>- 


from psa distribution 
A8VDC t ... . 


•TO MSA 
TO D/A 
CONY 


428 V DC 
TOA/-7 
< DM4 


Si COS 0 COS 11 t/4* 

-1-AAA - 

S2 C05 0 COS 33 3/4* 

S$ COSG COS 36 1/4* , 

-AAA-- 

COS 78 3/4* 


SEE NOTE 5-TO COD CONNECTOR TP-F/ , 
_ PROM MAW f" _ 

SUMMING AMP J rERNAKtQL* 
$ QUADRATURE | LEVEL 
REJECTION MOO Kmm 


-<H 



PROM DIGITAL 
MODE MODULE 


' SYNCHQQNli'O INTERROGATE 


SEE NOTE 3 - TO CDU CONNECTOR TP-F 2 ^ 

FROM MAINZ P HIGH - 

7 SUMMING AMP « TERNARY 

<f QUADRATURE (_ LEVEL 
REJECTION MOD - 

FROM MODE MODULE /- : 



SEE N0TE3-T0 C* U CONNECTOR 


t'~ MAM 
*\QUADRA 


0„- 

- /33 ♦ 

— 0/4 

0/3- 

- /3¥ * 

-O /3 

°!2 " 

- /3S * 

— 0/2 

V- 

- /24 • 

— 0 // 

2/0 - 

- /27 * 

— O/o 

2 l~ 

-/*/■• 

-Of 

- 1 — 

- 740 - 

i 


LADDER AMP LO 


►5, SIN 9 

► S2 S/ZV 0 
►S 3 S/A 0 

► S 4 SIM 8 


S/ SIN 8 

Sz sin e 
S 3 sin 

$4 SIM e 

. Si coJif 
Sz cose 

53 cos e 

54 cos e 


SIGNAL GND 


S9-IUZ5* 


FROM 
. READ 
COUNTER 
MODULE 


LADDER AMP LO 


.. r- 

i "-!*#. i . . . . 

:rf_i 


SlGHAU GHQ 

+29*' 


h 90*PHASE SA 

St6>Sia* 5/9 


1 


-54 COSO 

*sj cose 
-sz cose 
-S/ cose 

S /3 AK 


TO At, Ax ^ 
TO #*4 
70' t>Z9, R$h 
TO JCT 0/5, 0; 
TBUCT O/5 , 
TO Off H31, 


TO MODE MODULE 
TOT BITERROGATE 
TO MODE MODULE 
TDAY fiS. # 




STRUCTURE GND 

























REVISIONS L / 


PSA 


r s/pq 

feCW 


*S6P4 <2gc) 


OAFC 

powr/e 

/A/pi/r 


+2SV0C 
IMU K 
OPFP 


+28VDC 
TMU \L_ 
sr/?8Y 



* ^ 5>/5 

K4 *fT— fc? \2^k 

Z5 IS' 


^ I c / n st/BsysreM 

sbppiy p/iffp opspatb 

BC//SM €0/0 OOS , . . ' . 

iaaa aa /> x >> /\ 

g> /g> // /2 /3 /+ /€ /€ /7 /B /9 20 2/ 22 23 

9 /O // /2 /3 /* /£\/6 \/7\ /B /9 2o J 2/ \ 22 23 


-T/< 7NAL COND 


1 68 \/rk \c6 \ P8\3C \/>6 \ FC \A6 \ M8 k/s|^V| *SJ/9 _ _ 

’ 08 Ft C6 88 8t 06 Ft At 88 0/6 06 F/*P2 

.11 i i yr . rT S€P7 __ 

_L^l gaec ///reppAce 

$ !3 !? § £ 

§ ^ 51 ^ $ 

_ _ : - - : ^ f7TyT71 - / I / 

— / u_ u u_ - u u 

- — - J_£_ 

-e e e - e e 


. /7 OB SBPVO BMP 

SC//F/A 20/0O0* 

45J7 _ 

J ,, I MB SFP/O AMP 
| 3 SCPBAf 20/00 0+ 

45J 8 _ 

J TO SFP/O AMP 
SC//FM 20/000* 


4-5JI0 _ 

A/00//Z0 2FIAY M0006F 

- 34 sc//FM 20/OO2S 


13 JMi/ A(/K A/OPi/tir 
77 ” SC8FM 20/0082 


. -28VOCPS. 

~ 4 scpfm 20/0003 

*5/(2 _ 

- /2 BOO — S /• <p B 
_ 77" SCPFM 20/000 7 


o BOO ~~ A AC F/irpp 
* \SC8£P9 20/0 009 

85/2 __ 

- /2 BOO ~ £ Y. ? A 
-77” SCPFM 20/0007 


£ B00~ /r. AS 

o SC//FM 2O/O0OS 


£6 P/9 \ jSA 2J/9 

- \ch\ch \ - 

- G26 QZt -F 

- DZ6Q26 - 

1- &±&L - 

j_p- m Ait - 

- 526 BZt - 

- fil4 A24 - 


45J/2 _ 

jZOO^/% AMP 
? 0 SCFS/* 20/0006 

*5J// _ 

I 3200 ~~ A Ac 
“ •' saverAf 20/008/ 


Pt//s£ roeoo* ps. 

SC//F/H 20/00/S 


3SA2J/+ I 


92 _ 

BYPO CAl/S MOO 
SCA/FAf 20/0020 


J^A—L. 

M MM 


5682/ 

M im/ M 

co*r «— 

//r/KM 

I- 1/9 \ 07* /8TC/LOCK 


TM(/ 

SCM£M 20/86/5 


///rsppprr ppa/v/a/b /a/ accoppaa/cb /v/r// mu -p-70927 

































_+2EVOCSl/UMSY EWEX M04ME 

_ Sc/tf/rM 2Q/007S -- 


PSA 


A REVIfeEO PER TDRR 30 3 »<~ 
B REVISED PER TDRR 3QQ6S 


4SJ/S U \/7\/S\/9 1 20\2/ \& 1 23 1 2* 1 2f \26 \Z? \2fW, 


AYHH /K/ME P0YE*//Y/VY 


56&0 . S4 P27 1 45J 3 

-■ 

-£7 — 

- #LtLL — 

-- F8_ f]L — 

8 - G# — 

_|- \H0 H8 — 

_ 56P5/ - I 


4SR4 . 45R3 45RZ 

nn—m— ft- 


30a > SOA> 30 a2 


2 2 U 


I 4SJ6 g H HU 

sera on hh 


Atm I I 

T 2 I 3 r 

_ 1MU 

SCH£M 20(66(5 


45JI I 53 1 56 1 57 | 

„ ACE CONNECTOR 


S 6JQ J _ 

7 

OPTICS 

eyepiece 
HEATERS • 


+2SV0C SrJ>3X 


aQQQQBlEal 



is\ 45JI0 
'& 5CP2.3 


OPTICS 

EYEPIECE 

HEATERS 


S6J7 1 
7 

OPTICS 

EYEPIECE 

HEATERS 


. 45/45 _ ■■ 

J - 3200 — /* 

“1 c SC2EA4 20/600* 


45/40 _ 

I I 3200~AAC 
~ ' fCNO* 20/003/ 


Z£UY /H620LEA 3M/I 

r Sam* 24/6022 X 


45J/9 _ 

A /& \JA40 40/r 44000/3 
- 23 SC02M 20/6002 




60 56PZ0 

CQ 30JJ 


\F2 J 62 ! HI I SOTB! 


120V PlRA“ 

SUPPLY & 

IRIGJEMP 

MODULE 

SCHEM 

2010126 


26 

IRlG+PlPA 

MOOULE 

SCHEM 

2010122 


66 S€PZO 
66 3QJ1 _ 


43 

DAC PIBA 
TEMP ♦ 
2.5 BIAS 
1 MODULI 
SCHEM 
2010124 


43 

"TORQUE 
MOTOR* 
IX SINE 
GIMBAL 
RESOLVER 
MOOULE 
SCHEM 
2010125 
3QJ9 1 


FLIGHT QUALIFICATION 
SIGNAL CONDITIONER 


SOTBi |«|62|**| 


RiG+PIPA 

MODULE 

SCHEM 

2010122 


43 „ 

DAC PIPA 
TEMP ♦ 
2.5 BIAS 
MOOULE 


OPERATIONAL SIGNAL 
CONDITIONER 


AVS&ePESEr 2M4/V//Y0 PY *C‘C0*2> / 4/VC'/r /y/r/Y M//-3-70S2? 


LIST OF MATERIALS 



INSTRUMENTATION LABORATORY 
MASSACHUSETTS INSTITUTE OF TECHNOLOGY 


, 426Y&C SYAHEmy 

Jto/YE* 0/sr*/M/r/0 At„ 
SuatJE q/m ~ 



K 


MnCMiMM 



































WJS9 ZZ93R 




















































cou 


s/e 

COMO 




























































2025573 
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APOLT/O 0 ft IV Specification 
PS 2016000 

He**— a_ 


3.1 Performance. The Program Analyzer Console (rAC) Is a double-rack 
eoimole consisting of twenty-seven major units or sub assemblies* The units 
form an Integra ted group capable of simulating all or part of the AC1C (APOMO 
Guidance Computer) fixed memory, actively controlling the AOC, and actively 
and pensively monitoring the AGC. 

3.1.1 Input. Power. Tbe assembly shall perform as specified herein when 
supplied with 220 4 10 VHMS, 3 phase, 5* to 66 CPS at a maximum of 30.0 amperes. 

3.1*2 Power Supply. The power supply shall consist, of four DC power 
supplies to provide unloaded sources of 3*0 4 0.5 VDC, 10.0 4 1.0 VDC and two 
13.0 4 1.3 VDC. 

3.1.P.1 bogie Power. 3.0 4 0.2 VDC shall be supplied to the logic through 
the Power ON/Ready and DC Distribution switches located on the Power Control 

panel. . ^, ... . 

3.1.2.2 Indicator Power. 10.0 4 0.8 VDC shall hs supplied to the indicators 

through the Power ON/Ready and DC*~Dlstribution switches located on the Power . 
Control panel. < 

3. 1.2.3 Memory A and Memory B Power. 13.0 4 0.7 VDC shall be supplied to the 
n.ljie Memories from two separate supplies, through the Power 0N/Re«dy and DC 
Distribution switches located on the Power Control panel. 

3.1.3 Blower Operation. The Ventilating Blower, a commercial unit, shell 

be lined in eon Junction with a central plenum chamber to air cool the PAC Interior* 
The blower nhall have maximum power consumption characteristics as follows: 
single phase, 60 CPS, 3.0 amperes at il5 VRMB, ~ 

3.1**1 Tape Beader and Spooler. The Tape Reader shall contain the mechanism- 
to read punched tape and shall operate in a 522 mode. The Tape Spooler is 
bi-directional and shall operate in conjunction with the Tape Reader. Both 
units shall have a tape capacity of one inch tape containing eight standard 
code channels and each unit shell utilize single phase,, 60 CPS, 115 VAC power 
through a three wire system. 

3.1.5 Clock Signal. The 2 megacycle clock signal ahall be adjusted 'to have 
the following characteristics When measured at the output of the Oscillator 
Alarm and Clock dating Circuits* Figure 3*1 defines the signal character la tics * 
measurement area. p 

a Amplitude (Al) ; MfP 0.350 V 

b Amplitude (A2) . , 1.2 4 0.3 V 

c Risetime (tr) V ** NMT 100 used 

d Fall time (tf) J IMF 80 ueec 

e Pulse Width (IV) i * 0.25 ± 0.012 usee 

f Period Time (T) 0.5 4 0.025 usee 
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APOLLO QitM Specification 
PS 2016001* 

It A_ 


1. 300Pt 

This specification eatabllahes the detail requirement* for complete 
identification end acceptance of the AGC/GSE Interconnection Set.QAN Teat, 

Part Mo* 201ii2$5-Oa.#nd 2014255-031. 

2. APPLICABLE DOCUMENTS. Same as PS 2011*25$. 

3* HQUIEWENTS. Sams as PS 2011*255 with the following exceptions. 

3.1.1* .6 The reeistanoe between Jl-F and each of the following pins shall c 

be 3.31 ♦ $% ohms. 


Jl*-T 

J6-AA 


J$-F 

Jli-U 

J6hs 

J5-S 

j$-c 

Jlt-n 

J6-E 

J5-fe 

J5-Q0 

Jl*-0 

J6-f 

J5-oc 

J5-d 

JL-QO 

J6-D 

J5-m 

J5-W 

Jl*-t 

J6-I 

J5-C 

J5-t 

Jl*-3 

J6-u 

J5-V 

J5-X 

Jli-C 

J6-t 

J5-c 

J5-t 

Jl*-T 

J6-c 

J5-w 

J5-u 

JU-n 

J6-3 

J5-IA 

J5-H 

Jli-r 

J64I 

J5-HH 

J5-DD 

Jl*-P 

J6-t 

J5-S 

J5-Q 

Jlt-S 

J6-30 

J5-*f 

js! 

Jl*-i 

J6-HH 

J5-NM 

JS-l 

JU-3 

J6-w 

J5-JJ 

jS-Tk 

Jl*-I 

J6-? 

J5-e 

j$-pp 

J6-JJ 

J6-S 

J5-x 

J5-w 

J6-BB 

J6-PF 

J5-r 

J5-P 

J6-NN 

J5-a 

J5-Bs 

J5-H 


J5-T 

J5-u 

J5-N 


3.1.1*.7 The reeistanoe between Jl-h and each of the following pins shell be 

3.3* ♦ 5% ohma. 


J6-x 

J6-FP 

J6-DD 

J6-e 

J6-KK 

J6-LL 

J6-r 

J6-j 

J6-s 

J6-EE 

J6-T 

J6-g 

J6-W 

J6-CC 

J6-§ 

J6-£ 
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APOLLO OfcN Specification 
PS 2016001* 
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SCOPE 


This specification establishes the detail rwqnlreaents for complete 
Identification and aceeptanoe of the AGC/GSB Interconnection Set ,06N Test. 

Part No* 2011*255-021* 9 


2. 

3. 


APPLICABLE DOCUMENTS. Sim as PS 2011*255. 

HBQUIRBffiNrS. Sane as PS 2012*255 with the following exceptions. 


3.1*1**6 The resistance between Jl-F and each of the following nine shall \-c 
be 3.3K ♦ 5% ohas. 


Jl*-T 

J6-AA 

J5-g 

Jli-0 

Jl*-n 

J6-m 

J6-E 

J5-5 

J5-HB 

Jl*47 

J6-X 

J5-oc 

Jlt-00 

J6-D 

J5-* 

Jl*-t 

J6-I 

J5-E 

Jl*-3 

J6-u 

J5-X 

Jll-O 

J6-T 

J5-o 

Jl*-T 

J6-c 

J5-w 

Jli-U 

J6-J 

J5-IA 

ji*»r 

J6-3 

J5-HH 

ji*-p 

J6-t 

J5-s 

Jl*-E 

J6-3a 

J5-XP 

Jli-i 

J6-HH 

J5-NN 

Jl*-7 

J6-w 

J5-JJ 

Jl*-X 

J6-7 

J5-e 

J6-JJ 

J6-S 

J5-x 

J6-BB 

J6-PP 

J5-r 

J6-NN 

J5-s 

J5-XE 


J5-f 

J5-U 


J5-P 

J5-C 

J5-GQ 

J5-d 

J5-V 

J5-j 

J5-X 

J5-t 

J5-n 

J5-G. 

J5-DD 

S3 

Si 

J5-PP 

J5-MM 

J5-P 

J5-R 

J5-M 


3*1.1»*7 The resistance between Jl-h and each of the following pine shall be 
3.3* ♦ 5N ohes* 


J6-x 

J6-e 

J6-r 

J6-EB 

J64M 

J6-CC 


J6-FP 

J6-KK 

J6-yr 

J6-r 

J6 -a 


J6-DD 

J6-LL 

J6-s 

JH 

Jo-jg 







APOLLO GfcN Specification 

PS 2016006 Rev. ^ 

Original Issue Data: 6/3/64 - 

Release Authority: TDRR X 9 X » 7 

Claoa A Release 


PROCUREMENT SPECIFICATION 

PRODUCT CONFIGURATION AND ACCEPTANCE TEST REQUIREMENTS 
COMPUTER TEST SET ASSEMBLY 
ERAWING NO. 2011*01*? 


Record of Revisions 



■S23 

TORR 

No. 

Pages 

Revised 

Approvals ] 

Kni 

IfflB 


A 

30169 

1 and 3 

1F3B2J 

MKI 

mmm 




r 









This specification consists of pages 1 to 7 inclusive, 

























APOLLO G&N Specification 
PS 2016006 

Rev, A_ 


1. SCOPE 

This specification establishes the detail requirements for complete 
identification and acceptance of the Computer Test Set Assembly, Part 
Number 2011*01*2-031,0* ,01*1, hereinafter called CTS. 

2. APPLICABLE DOCUMENTS. Same as PS 201l*0l*2. 

3. REQUIREMENTS 

3.1 PERFORMANCE. Same as PS 2011*01*2. 

3.1.1 Input Power. Same as PS 20U*0l*2. 

3.1*2 Auxiliary Outlets. Same as PS 2011*01*2. 

3.1.3 Test Time Indicator. Same as PS 2011*01*2. 

3.1. h AGC Stops. Same as FS 2011*01*2. 

3.1.5 AGC Read. Same as PS 2011*01*2. 

3.1.6 AGC Load. Same as PS 2011*01*2. 

3.1.7 Transfer Control. Same as PS 2011*01*2. 

3.1.8 Channel. Same aa FS 2011*01*2. 

3.1.9 Monitor. Same as PS 2011*01*2. 

3.1.10 Record. Saw as PS 2011*01*2. 

3.1.11 Tape Operations. Same as PS 2011*01*2. 

3.1.12 AGC Counter. Same as PS 2011*012. 

3.1.13 Inhibit-Bank Restore. Same as PS 201ii0l*2. 

3.1. H* Scaler. Same as PS 2011*01*2. 

3.1.15 Fresh Start. Same as PS 2011*01*2. 

3.1.16 Inhibits. Same as PS 2011*01*2. 

3.1.17 System-Subsystem Test. Same as PS 2011*01*2. 
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1. SCOPE j 

This specification astablishas the detail requirements for ccaiplete 
identification and acceptance of the Computer Test Set Assembly, Part 
taabers \2014042-031, or -041 or -051 hereinafter called CTS. 

2* APPLICABLE DOCUMENTS. Sima as PS 201101?. 

3. REQUIREMENTS 

3.1 PERFORMANCE. Sane as PS 201li0li2. j 

3*1.1 Input Power. Same as PS 20UiQli?. 

3*1*? Auxiliary Outlets. Sane as PS 20l!i0lt?. 

3*1*3 Test Tine Indicator. Same as PS 201ii0(i?. j 

3*l*li AGC Stops. Same as PS 20Uj0b?. J 

3*1*5 AGC Read. Same as PS 201ii0li?. | 

i 

3*1*6 AGC Load* Same as PS 201ii0b?. 

3*1*7 Transfer Control. Same as PS 2011i0b?. 

3*1*6 Channel. Same as PS 201L0L2. 

V 

3*1*9 Monitor* Sams as PS 20lLOli2. 

3*1.10 Record* Same as PS 2011*01*2. 

3*1*11 Taps Operations. Sams as PS 2011*01*2. 

3*1*1? AGC Counter* Same as PS 2011*01*2. 

3*1*13 Inhibit-Bank Restore. Sasw as PS 2011*01*2. 

3.1.11* Scaler. Same as PS 2011*01*2. 

3*1*15 Fresh Start. Sasw as PS 2011*01*2. 

3*1*16 Inhibits. Same as PS 2011*01*2. 

3*1*17 System-Subsystem Test. Same as PS 2011*01*2. 
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1.0 SCOPE 

This specification establishes the detail requirements for 
complete identification and acceptance of all units of the Apollo 
Guidance Computer, Part Numbers 2003200-011,-021,-031 and 
2003993-021, hereinafter called AGC and the Display and Keyboard 
Assy, Part Number 2003994-011, .hereinafter called DSKY. • 

* e * 

2.0 APPLICABLE DOCUMENTS 

2.1 EFFECTIVE ISSUES. The following documents form a part of 
this specification to the extent specified herein. Unless other¬ 
wise specified. Military Standards and Specifications shall be 
the issue in effect on the date of request for proposal or invita¬ 
tion to bid. 

SPECIFICATIONS 

APOLLO G&N 

ND 1002214 General Specification for Preservation 

Packaging, Packing and Container 
Marking of APOLLO Guidance and Navi¬ 
gation Major Assemblies, Assemblies, 
Subassemblies, Parts and Associated 
Ground Support Equipment. 

DRAWINGS 

APOLLO G&N 

2003991 APOLLO Guidance Computer Subsystem 

(Copies of specifications, standards, drawings, bulletins, and publi¬ 
cations required by suppliers in connection with specific procure¬ 
ment functions should be obtained from the procuring activity or as 
directed by the contracting officer)• 

2.2 CONFLICTING REQUIREMENTS. In event of a conflict between 
requirements, the following order of precedence shall apply. The 
contractor shall also notify MIT/IL APOLLO Management of the conflict. 

a. The contract 

b. This specification 

c. Documents listed in this section 
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3.1.7 Leak Rate. With the computer pressurized to 30.0 ± 1.0 
psia with dry nitrogen at 25°C ± 2C°, the leak rate shall not 
exceed 1.0 psia for a period of 24.0 ± 0.5 hours. With the DSKY 
pressurized to 2 psig at 25°C ± 2°C using a mixture olf 90% 
nitrogen and 10% helium the leak rate shall not exceed 1 x 10~* 
cc/sec/atm. 

3.1.8 Aging. The AGO Subsystem shall have accumulated not* 
less than two hundred hours operating time prior to completion * 
of test. 

3.1.9 Miscellaneous Signals. 

3.1.9.1 Signal W-910 (CNTRL 1) (2000-ohm short to ground) shall 
force the output of the +4 VDC power supply to 3.40 ± 0.01 VDC and . 
4.50 ± 0.01 VDC. 

3.1.9.2 Signal W-911 (CNTRL 2) (2000-ohm short to ground) shall 
force the output of the +14 VDC power supply to 12.10 ± 0.01 VDC 
and 16.40 ± 0.01 VDC. 

3.1.9.3 Signal D-912 (NHVFAL) shall inhibit RESTART due to voltage 
fail condition. 

3.1.10 Spare and Not Connected Terminals. The following AGC 
connector A51 and DSKY connector J9 pins are provided as spare and 
NC terminals. 


Connector A51 
Pin Numbers 

Connector J9 

Pin Numbers 


Desionation 

115 

75 

W-210 

SPARE 

- 

74 

W-213 

SPARE 

116 

73 

W-241 

SPARE 

- 

13 

W-246 

SPARE 

- 

34 (N) 

SD326 

SPARE 

- 

37 (N) 

SD328 

SPARE 

- 

56 (M) 

SD444 

SPARE 

. 

34 (M) 

SD445 

SPARE 

141 

- 

A-859 

NC 

140 

- 

A-860 

NC 

- 

- 

RD875 

4/7/68 

- 

. - 

—908 

- 

413 

* « 


CB028 

NC 
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3.1.11 Bonding Continuity. The resistance measured between the 
items listed in Table 3-16 shall not exceed the value specified in 
Table 3-16. 

TABLE 3-16 


Tray B Cover 
(Magnesium Surface) 

Tray A 

(Brass to Magnesium 
Surface) 


Tray A Cover 
(Magnesium Surface) 

Mid Spacer 
(Magnesium Surface) 


Resistance 


20 milliohms 


20 milliohms 


Tray B Cover 
(Magnesium Surface) 


Baby Tray 

(Screw to helicoil 
to Magnesium Sur¬ 
face) 


30 milliohms 


3.1.12 Transient Susceptibility. With the computer exercised by 
a rope program and with transient voltage spikes, as specified below, 
applied to the positive and negative 28 volt input power lines of the 
computer} there shall be no evidence of transient susceptibility. 

Transient Voltage Spikes 

(Output of Test Circuitry Prior to Application to 28 Volt lines) 


Amplitude 
Pulse Width 

Pulse Rate 
Rise Time 

Polarity 

PRODUCT CONFIGURATION 


50 ± 2 volts 

10.0 ± 4.0 usee at the 5 volt 

level 

10 pps 

1 usee max (10% to 90%) 
Positive 


3.2.1 Drawings. The configuration of the assembly shall be in 
accordance with Apollo G&H Drawings 2003200-011,-021,-031, 2003993-011 
and 2003993-021 and all drawings and engineering data referenced thereon 

3.2.2 Weight. The weight of the computer and DSKY shall be measured 
and recorded. 

4. QUALITY ASSURANCE PROVISIONS * ’ • 

4.1 GENERAL. The contractor responsible for the manufacture of 

the assembly shall be responsible for the accomplishment of each test 
required herein. See Table 4-1, Product Performance and Configuration 
Requirements/Quality Verification Cross Reference Index. 
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4.1.1 Teat Conditions 


4.1.1.1 Environmental. The assea&ly shall be tested under the 
following ambient conditional 


a. Tsnperaturet 

b. Relative Rumiditys 


25° ± 10°C^O N 
90% max \ X \ 


C 


Bare 


trie Pressure! 


28 to 32 inches of Hg 


4.1.2 Monconfoming Units. Failure of the unit to pass any 
examination or test of this specification shall automatically classi¬ 
fy the unit as nonconforming. Bach nonconforming unit corrected by 
the contractor shall be reinspected. Reinspection may be limited to 
the test or examination tftiich defined the nonconformance, or, %dien 
directed by the cognisant inspector, a complete retest and re-exami¬ 
nation may be required. Nonconforming units vdiich have not been 
corrected will be considered for acceptance only upon formal applica¬ 
tion by the contractor to the cognisant NASA representative. Any 
module replaced during testing shall have operated in the system under 
test for not less than fifty hours, shall be thermal cycled, and 
vibrated and the assembly shall be leak tested prior to final acceptance. 


i 


I 

4.2 TEST8/VBRIFICATI0NS 


4.2.1 Drawing Compliance. The assembly shall be visually examined 
for compliance to the requirements of APOLLO G&N Drawing 2003991. 
Particular attention shall be given to inspection for damage to surfaces, 
structure, and equipment, including contaminants, pin misalignment, 

and legibility and appearance of marking. 

4.2.2 Acceptance Tests. All tests shall be performed using the 
JDC's listed herein in the order specified in the Assembly Test Plan. 
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4.2.2 (Continued) 

a. The Acceptance Tests Bust be performed with one (1) 
Computer and two (2) Dsky's. If any of the units 
are missing. Hangar Queen units shall be used 
during the tests. (*) 

The Hangar Queen units shall not be subjected to 
mechanical inspection, vibration, thermal cycling, 
weight measurement, leak test or to the require¬ 
ments of long term aging or Test Data JDC. A 
failure isolated to a Hangar Queen shall not be 
cause for rejection of the unit undergoing 
acceptance tests. 

b. To perform the tests specified herein. Fixed Memory 
Modules containing Mewspeak Program are required 

in the Bl and B2 positions and Warning Test Rope 
Assemblies are required in the B3, B4, B5 and B6 
positions. These modules must meet the requirements 
for factory test equipment. 

(*) Definition of Hangar Queen 

A Hangar Queen Unit shall be defined as a Computer 
or Dsky tdiich is capable of passing the following 
JDC'ss 


1. 05394 

Transient Voltage Test 

2. 05343 

Equipment Setup 

3. 05344 

Equipment Power Turn On 

4. 05345 

Computer Power Turn On 

5. 053 51 

Marginal Voltage Test 

6. 05376 

Automatic Mewspeak Test 

7. 053 79 

Dsky Test (Indicators & Keyboard) 

8. 05382 

Standby - E Memory Test 

9. 05384 

Priority of Interrupts 

10. 05385 

Dsky Spacecraft Signals 

11. 05388 

CTS Control of Mewspeak 


The equipment shall be tested in accordance with the above 
requirements during preliminary testing of the unit (a) 
which will be sold. 
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3.1.6.1 (Continued) 

Vibration in each of three mutually perpendicular axis shall be for 2 
minutes as follows: 3DB/octave Rollup 10 HZ to 0.04g2/HZ at 70 HZ, 0.04g^/HZ to 
420 IE, 3 OB/octave Rolloff from 420 HZ to 2000 HZ. 

Tolerance limits between 10 HZ shall be ± 3DB; 

♦Tolerance limits between 50 IE and 1000 HZ shall be ± 1.5IB; 

Tolerance limits between 1000 HZ and 2000 HZ shall be + 3DB 

♦In the event the ± 1.5DB from 50 to 1000 HZ cannot be met with existing facili¬ 
ties, the tolerance may be broadened to + 3DB providing the overall g rms level 
is held to + 10 percent. 

3.1.7 Leah Rate. With the computer pressurized to 30.0 + 1.0 psia with dry 
nitrogen at 25°C + 2C°, the leak rate shall not exceed 1.0 psia for a period of 
24.0 + 0.5 hours. With the D6KY pressurized to 2 psig at 25°C ± 2°C using a 
mixture of 90$ nitrogen and 1C# helium the leak rate shall not exceed 1 x 10“’ 
cc/sec/atm. 

3.1.8 Aging. The AGC Subsystem shall have accumulated not less than two 
hundred hours operating time prior to completion of test. 

3.1.9 Miscellaneous Signals. 

3.1.9.1 Signal W-910 (CNTRL l) (2000-ohm short to ground) shall force the 
output of the +4 VDC power supply to 3.40 + 0.01 VDC and 4.50 + 0.01 VDC. 

3.1.9.2 Signal W-911 (CNTRL 2) (2000-ohm short to ground) shall force the 
output of the +14 VDC power supply to 12.10 + 0.01 VDC and 16.40 + 0.01 VDC. 

3.1.9.3 Signal D-912 (NHVmL) shall inhibit RESTART due to voltage fall condition. 

3.1.10 Spare and Not Connected Terminals. The following AGC connector A51 
and D6KY connector J9 pins are provided as spare and NC terminals. 

Connector A51 Connector J9 


Numbers 

Pin Numbers 

Signal 

Designation 

115 

75 

W-210 

SPARE 


74 

W-213 

SPARE 

116 

73 

W-241 

SPARE 

. 

13 

W-246 

SPARE 

• 

3* (K) 

SD326 

SPARE 

- 

37 (B) 

SD328 

SPARE 

- 

56 (M) 

SD444 

SPARE 

- 

3 1 * (M) 

SD445 

SPARE 

141 

• 

A-859 

NC 

140 

. 

A-86O 

NC 

- 

- 

RD875 

4/7/68 

- 

- 

—908 

- 

413 

- 

CB028 

NC 
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05342 

05343 

05344 

05345 

05346 

05347 

05348 

05349 

05350 

05351 

05352 

05353 

05354 

05355 

05356 

05357 

05358 

05359 

05360 

05361 

05362 

05363 

05364 

05365 

05366 

05367 

05360 

05369 

05370 

05371 

05372 

05371 

05374 

05375 

05376 

05377 

05378 

05379 

05380 

05381 

05382 

05383 

05384 

05385 

05386 

05387 

05388 

05389 

05390 

05391 

05392 

05393 

05394 


Adder Voltage and Frequency Tbst 
Equipment Set-Up 
Equipment Power Turn-On 
Computer Power Turn-On 
AGO Clock Stability 
Central Registera Teat 
Bank Registers Test 
Interrupt Registers Test 
Peripheral Channel-Instruction Test 
Marginal Voltage Test 
Radar Signal Measurements 
Downlink Signal Measurements 
Continuous Signal Characteristics 
Programmed Signal Characteristics Test 
C and RD Signals Test 
AGC Power Fail 

Scaler Double Frequency and Oscillator Alarm Test 

Hand Controller Test 

Input Counters Marginal Test 

Channel Inbits Marginal Test 

GoJam Initialisation Test 

AGC Mechanical Inspection 

AGC Subsystem Visual Inspection 

Weight Measurement 

Long Term Aging 

Thermal Cycling Test 

Vibration Test-AGC (Random) 

PIPA Fail Test 

Voltage Variation Program Fail Test 

Leak Test 

Inlink Margin Test 

Increments Priority/Basic Instruction Test 
Marginal Frequency-Voltage and Thermal Test 
Worst Case Hoise Erasable Memory Test 
Automatic Hewspeak Test 
Timing Test 

Channel 30, 31, and 32 Test 

DSKY Test (Indicators and Keyboard) 

Alarms Test 

Scaler Test (24 hours) 

Standby - E Memory Test 

Warning Filter Alarm Test 

Priority of Interrupts 

DSKY Spacecraft Signals 

Monitor Signals Test 

Vibration Test-DSKY 

CTS Control of Newspeak 

AGC Input Drivers Signal Measurements 

Bonding Continuity Measurssients 

Erasable Memory Capacitor Selection 

Logic Signal Measurements 

DSKY Test Data 

Transient Voltage Test 
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rRTfiRW VI'Zl h*:AK. The following information is supplied nr a further 
explanation of the Program Mewspcak JDO'a 05375 thru 05386, and 05388. 

it. 2.3.1 Erasable Memory Checks (Ref. Paragraph 3.1.1.3). 

Ueglsters A. I, and •' are tested usin^ both positive and motive 
numbers. fb»ltiplication is used to check that, the low order product, in I is 
•e crated cer-eetiy. The register is checked by ad lition and subtraction *.r 
^•eil .r by checking for correct return addresses w^on the TC instructions :.r) 
utili-ed. 

'•.^.3.1.2 Test ARUPT and PRINT registers for proper loading. 

*•.2.3.1.3 legisters CYI and CYR are tested by loading with + 0 and cycling 
is times to assure that no bits are either dropped or picked up. T l.ose 
registers are then loaded with negative full scale (40000) and cycled IV ti^-s 
to assure proper cycling and end around carry. 

The :’.R register is checked for propagation of the sign bit and for r,» ifting 
of a one in the MSB to L3B. This register is .also checked with ♦ ' 

The SDOl register is first checked with negative zero and then with a loop 
that loads s moving one starting with negative full scale down a plus one. 

4.3.1.4 Test Erasable Banks 0, 1 and 2 by Register and Absolute ^dress. 

This test checks that the same locations in erasable banks 0, 1 and 2 can 
be addressed by either specifying the actual address or by erasable l»ank 
register and an 3-register value above 1400 octal. 

4.’.3.1*5 Test Erasable Bank 0 

▼o per-dt testing of bank C the contents Must be placed in erasable bank 1. 

A checksum of bank C is taken before the contents are transferred to bank 1 
and again when it is restored to its previous state. 

The followinr tests performed on erasable banks 1 through 7 are done separately 
on erasable bank 0 after the contents of bank C are placed in bank 1. The 
starting address of bank 0 is 0060. 

s. All locations are loaded vit.h all ones and all zeroes and checked. 

b. \11 locations are loaded with s moving one and moving zero pattern and 
checked. 

c. ?'\xr checkerboards are loaded and checked — 52525 and 75252 and onrosite 
a?so f^l-A and 14631 and opposite. 

d. T -ach location is losdsd with its own bank number and 3-register address 
and checked. 
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4.2.3.2 Transfer Control Tests (Ref. Paragraph 3.1.1.5) 

The TC instruction is checked for proper operation from fixed memory, from 
A and i registers and also from erasable memory. This instruction is al30 
checked for proper loading of .1 register. The TCF instruction is checked 
for proper transfer in fixed memory and also for non-disturb of the register. 

4.2.3.3 CA, TS and AD Test (Ref. Paragraph 3.1.1.5) 

This test checks CA from both fixed and erasable memories for + 0 and + nun: rr». 
It also checks that CA does not disturb the 2 memory location used. This test 
also checks TS for ♦ 0 and + numbers and checks that no skip occurs for non 
overflow in these cases. AD is checked for ♦ 0 and + numbers from erasable 
memory. 

'*.2.2.4 CA and CCS Test (Ref. Paragraph 3.1.1.5) 

This tost checks the CCS instruction for proper transfer using + o ard ♦ 
numbers including +1. It also checks that the proper diminished absolute 
value is generated in these eases. 

.2.3.5 TS test with Overflow (Ref. Paragraph 3.1.1.5) 

This tent checks that 0V3K (TS A) results in a TC +2 if the number in A 
contains overflow. It also checks that the accumulator contains the proper 
res- It after the OVSK. This test also checks AD from fired memory for ♦ 0 
and ♦ numbers. 

'.2.3.6 Check of CCS for Decrementing (Ref. Paragraoh 3.1.1.5) 

This test uses the CCS instruction to decrement a number from negative full 
scale to positive zero simultaneously incrementing an erasable memory location, 
/hen the CCS results in +0 the erasable counter is checked for positive full 

scale. 


4.2.3.7 Check AD using moving one loop (Ref. Paragraph 3.1.1.5) 

The AD instruction is checked using a loop that generates a moving one fron 
the LoB to the MSB. 

4.2.3.3 Check AD using propagate one loop (Ref. Paragraph 3.1.1.5) 

The AD instruction is checked using a loop that propagates a one from the 
L3? to the MSB. 

4. 2 . 3.9 LXCH Test (Ref. Paragraph 3.1.1.5) 

I-tp is checked for positive and negative numbers both fron erasable memory 
and from the Special and Central (3 * C) registers. 
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4.2.3.10 ?CH Test (Ref. Paragraph 3.1.1.5) 

The V CH instruction is checked using positive and negative numbers in both 
erasable and special and central registers. 

'•.2.3.11 MASK Test (Ref. Paragraph 3.1.1.5) 

The MASK instruction is checked for prooer operation from fixed and erasable 
memories and fr-m Special and Central registers. The LaSK instruction is also 
checked for no edit from the editing registers. 

4.3.3.12 CS Test (Ref. Paragraph 3.1.1.5) 

The ’3 instruction is checked from fixed and erasable memory using + 0 and 
♦ full scale. This instruction is also checked using special and centr'd 
registers. 

4.".3.13 INDEX Test (Ref. i aragraph 3.1.1.5) 

This instruction is checked for erasable memory and for special and central 
registers. This instruction is checked further in the inde:: general, n r.* 
instructions. 

4.2.3.14 INCH Test (Ref. Paragraph 3J..1.5) 

The INCH instruction is checked by a loop that increments a memory location 
from negative full scale to positive full scale and keeping the same count 
in A. Then an overflow occurs in A the incremented location is checked for 
positive full scale. The instruction is also checked for producing overflow in 

A. 

4.2.3.15 D'CH Test (Ref. Paragraph 3.1.1.5) 

is checked using both positive and negative numbers in special and 
erasable locations. The following table reflects the signs of each of 
sir combinations of numbers utilised in the test. 


A 

L 

Erasable Hi 

Erasable 

008 

neg 

neg 

pos 

nos 

pos 

+0 

pos 

no 8 

OOS 

pos 

pos 

neg 

neg 

neg 

neg 

neg 

pos 

neg 

pos 

neg 

neg 

pos 

neg 
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4.2.3.16 DA.' 3 and AS Test (Ref. Paragraph 3.1.1.5) 

The DAS test uses both oositive and negative numbers in special and erasable 
locations to produce overflow and underflow in both high and low order sums. 

The '‘ollo'-’inr table reflects the signs of the arguments, the high and ]ov; n-r 
sums and the overflow or underflow produced. 

Erasable Erasable 


A 

L 

Hi 

Low 

! T i ans 

low n ns 

ros 

neg 

neg 

pos 

77777 

77777 

pos 

pos 

pos 

pos 

00000 - C FlO 

oooro - 

poa 

pos 

pos 

pos 

25252 

25252 

neg 

neg 

neg 

neg 

65252 - UFLO 

65300 - t r:u 

neg 

pos 

nog 

pos 

77776 

37776 - v n o 

neg 

neg 

pos 

neg 

12345 

34321 

The 

Add to Storage test 

ranges from positive full scale to negative full scale 


to check for both overflow and underflow conditions. In addition the .-re^i-tor 
is also checked for duplication of the A-register in the overflow condition. 

4.2.3.17 BiP Test (Ref. Paragraph 3.1.1.5) 

Check that a branch ia nade on +0 numbers. Also check that no branch recurs 
on ♦ numbers with and without overflow. Check that no branch occurs on a 
moving bit facing from the LSB to the MSB, including a check on the neg tive 
of each number. 

4.2.3.18 B7MF Teat (Ref. Paragraph 3.1.1.5) 

Check that a branch ia made on >0 and -numbers with and without overflow. 

Check that no branch occurs on positive numbers with overflow. 

4.2.3.10 DCA Testa (Ref. Paragraph 3.1.1.5) 

Check that instruction will put correct values in to A and L when accessing 
fi 'ed, erasable, and special and central memory, including a DCA L. !’umbers 
used are combinations of including aero eases and overflow in j when 
d ing a DCA L. 'Then accessing erasable memory, a check ia made to insure 
that the locations used did not change values. 

4.2.3.20 DCS Teat (Ref. Paragraph 3.1.1.5) 

C^eck that instruction will put correct values in to A and L when accessing 
fixed, erasable, and special and central memory, including a DCS L. Numbers 
used are combinations of ♦ ♦ including aero cases and overflow in when 
doing a DCS L. when accessing erasable memory, a check ia made to insure 
that the locations used did not change values. 

4.2.3.21 MSU Teat (Ref. Paragraph 3.1.1.5) 

Check all four combinations of nodular subtraction using ♦ numbers on both 
special and central and erasable memory. Also check the case where the answer 
ia an overflow uncorrected number. 
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4.2.3.17 BZP Teat (Ref. paragraph 3.1.1.5) Check that a branch 
is made on +0 numbers. Also check that no branch occurs on + numbers 
with and without overflow. Check that no branch occurs on a moving 
bit going from the LSB to the MSB, including a check on the negative 
of each number. 

4.2.3.18 BZMF Test (Ref. paragraph 3.1.1.5) Check that a branch 
is made on ±0 and -numbers with and without overflow. Check that no 
branch occurs on positive numbers with overflow. 

4.2.3.19 DCA Tests (Ref. paragraph 3.1.1.5) Check that instruction 
will put correct values in to A and L when accessing fixed# erasable# 
and special and central memory# including a DCA L. Numbers used are 
combinations of ♦ # ♦ including zero cases and overflow in Q when 
doing a DCA L. (Then accessing erasable memory# a check is made to 
insure that the locations used did not change values. 

4.2.3.20 DCS Tests (Ref. paragraph 3.1.1.5) Check that instruction 
will put correct values in to A and L when accessing fixed# erasable# 
and special and central memory# including a DCS L. Numbers used are 
combinations of I# I including zero cases and overflow in Q when 
doing a DCS L. When accessing erasable memory# a check is made to 
insure that the locations used did not change values. 

4.2.3.21 MSU Test (Ref. paragraph 3.1.1.5) Check all four com¬ 
binations of modular subtraction using + numbers on both special and 
central and erasable memory. Also checE the case where the answer is 
an overflow uncorrected number. 

4.2.3.22 QXCH Test (Ref. paragraph 3.1.1.5) Check this instruction 
by using + ) and + numbers# with and without overflow when doing 

QXCH A and QXCH L? 

4.2.3.23 SO Test (Ref. paragraph 3.1.1.5) A check is made for 
correct subtraction by propagating a one from the LSB to the MSB. 

4.2.3.24 AUG Test (Ref. paragraph 3.1.1.5) Check that AUG works 
properly on ♦ and +0 numbers in both erasable and special and central 
memory# including generation of overflow in the A-register. 

4.2.3.25 DIM Test (Ref. paragraph 3.1.1.5) Check that DIM works 

properly on + and +0 numbers in both erasable and special and central 
memory. “ 


4.2.3.26 INDEX Test (Ref. paragraph 3.1.1.5) Check that the extra 
code index does not reset the extra code switch, that more than one 
index may be performed before the extra code switch is reset# use 
+ and +0 numbers# check that the instruction can use fixed# erasable# 
and special and central memory, and also check that erasable and special 
and central memory location used are not changed by the index instruc¬ 
tion. 
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4 2 3 27 MP Teet (Ref. paragraph 3.1.1.5) Multiply combinations 
Jf i and +0 number. frc fi£d. srasable. and and central mem¬ 

ory? checking that the final result, are coreedt and the erasable 
memory multipliers are not lost during the multiply. 

4.2.3.28 DIVIDE Test (Ref. paragraph 3.1.1.5) Divide combinations 

of +0 and + , +0 double precision numbers by + numbers checking 
for - the correct risults. Division is made from erasable and special 
and central checking that the divisor is not changed during the divi 


4 2 3 29 READ Test (Ref. paragraph 3.1.1.5) Load L and Q with 
♦ Yand ♦ overflow numbers and check that proper results are read 
out while not destroying contents of L and Q. 

4.2.3.30 WRITE Test (REf. paragraph 3.1.1.5) Write £ ® an ® £ 
overflow numbers into L and Q. Check that write did not change A 
and that proper contents were stored in L and Q. 

4 2 3 31 RAND Test (Ref. Paragraph 3.1.1.5) Load L and Q with 
alternating bit pattern and check RAND instruction when A has reverse 
alternating bit pattern and NZ. Also load L and Q ± overf . 

numbers and check RAND instruction when A has NZ. L and Q are chec 
after each RAND to insure they have not been destroyed. 

4.2.3.32 WAND Test (Ref. paragraph 3.1.1.5) WAND instruction checked 
by writing 52525, 25252, ♦ 0, ♦ overflow numbers into L and Q and 
checking for correct contents of A after the instruction. 

4 2 3 33 ROR Test (Ref. paragraph 3.1.1.5) Check ROR instruction 
by loading L and Q with alternating bit patterns and ♦ overflow 
and checking the Contents of A, L and Q after the ROR instruction has 
been performed. 

4 2 3.34 WOR Test (Ref. paragraph 3.1.1.5) Check WOR instruction 
by loading L and Q with + 0 and writ, alternate bit pattern. PFS and 
+ overflow numbers checking A, L and Q after each write. 

4.2.3.35 RXOR Test (REf. paragraph 3.1.1.5) Check 

tion by loading L and Q with NZ and + overflow numbers and after each 
read checking contents of A, L and Q. 

4.2.3.36 Checksum (Ref. paragraph 3.1.1.4) This routine ** ke8 
a double precision checksum of any or all of the six modules 
specified by the user and checks the sum against pre-stored values 
on the module level. 

4.2.3.37 Check that Time 3 overflow causes an interrupt, by 
presetting only time 4 to overflow in a short period of time. (Ref. 
paragraph 3.1.1.9) 

4.2.3.38 Check that Time 4 overflow causes an ** Re¬ 

setting only time 4 to overflow in a short period of time. (Ref. 
paragraph 3.1.1.9) 


97 

















II llfel l'l.I M i 


vrar^L. 





APOLLO G 4 N Specification 
PS 7016007 
Rev D 


i 


kiill 


i. m< 


4.2.3.39 EDRUPTN (Ref. paragraph 3.1.1.5) Check that EDRUPT 
will transfer control to the A-register if no interrupt has been 
requested. 


4.2.3.40 NORUPTN (Ref. paragraph 3.1.1.6) Check that no interrupts 
occurring will cause a gojam within a 140-300 as period. 


4.2.3.41 RUPTLOCN (Ref. paragraph 3.1.1.6) Check that inhibiting 
interrupts for too long will cause an interrupt during a 140-300 ms 
period. 


4.2.3.42 RELINT3N (Ref. paragraph 3.1.1.6) Check that INHINT and 

RELINT work by causing an interrupt while inhinting and then relinting. 


4.2.3.43 PRIORN (Ref. paragraph 3.1.1.9) Basic check of priority 
circuit by causing a Time 3 and Tine 4 interrupt while inhibiting 
interrupts, and check the order of execution after a RELINT has been 
performed. 


4.2.3. 44 XPARN (Ref. paragraph 3.1.1.6) 
bad parity will each case a gojam. 


Check that 13 words of 


4.2.3.45 ALLPARN (Ref. paragraph 3.1.1.7) Write all bit com¬ 
binations into one location and check that no bad parity occurs. 


4.2.3.46 INRUPTN (Ref. paragraph 3.1.1.6) Do not resume from a 
Time 6 interrupt and check that a gojam occurs within a 140-300 
ms period. 


4.2.3.47 TCA Trap Test (Ref. paragraph 3.1.1.6) Check that 
executing a TC or TCP loop will cause a gojam within a 5-15 ms period. 


4.2.3.48 NTWTCHMAN (Ref. paragraph 3.1.1.6) Check that not accessing 
location 0067 within a .64-1.92 sec. period will cause a gojam. 


4.2.3.49 


SELF Test (Ref. paragraph 3.1.1.5) 


4.2.3.50 I/O STARTP (Ref. paragraph 3.1.1.8) This test is designed 
to check the decoding circuitry of downlink channels 34 and 35. 

Before describing the.actual test performed to insure that this is 
doen properly, a brief discription of the circuitry involved will be 
given. 


In essence the downlink circuitry consists of 2 channels, 
34 and 35, which contain the information to be transmitted. A five- 
stage counter, whose outputs are decoded to gate out one bit of 
information at a time. A signal, DKBSNC, enables the output data to 
be transmitted and causes the 5-stage counter to be "incremented.” 
Another signal, DKSTRT, resets the five-stage counter. 


Bit 7 of channel 13 may best be described by saying that 
it functions as a "flag bit” for the downlink data and is gated out 
by signal DKBSNC when the five-stage counter is in the zero state, 
that is, reset. 
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4.2.3.50 cont. 


The outputs fro* the five-stage counter are decoded and 
function as followss 

Stages 4 and 5 divide channel 34 and 35 into four 8 bit 
sections. Stages 1 # 2, and 3 are decoded and enable a single bit 
from an 8 bit section to be transmitted. 


For clarity it will be stated that bit 16 is the first 
bit transmitted frosi a channel while the parity bit is the last bit 
transmitted. Channel 34 is transmitted before channel 35. 

Following is a list of interface connections used to 
generate the required downlink signals: 

GYRRST causes DKSTRT which resets the 5-stage counter 
GYRSET causes DKBSNC which steps the counter 
DKDATA causes XLINKl which allows the downlink output 
bits to be stored in counter 45. 


GYRRST and GYRSET are controlled by bit 10 of channel 
14 and the contents of out counter 47. The number of times signal 
GYRSET is generated is determined by the contents of counter 47. 
Signal GYRRST is generated whenever GYRSET is not. Both occur at a 
frequency of 3200 cps. 


Following is a list of checks performed within this test 
to insure proper decoding: 

♦BITSYNC'S 

C (34) C(35) Generated C(45) 


00177 


77777 


00000 


The above 
sections is active and 


test proves that only one of 
that it is the proper one. 


the four 8 bit 


37600 77777 2 
17600 77777 3 
07600 77777 4 


00000 

00000 

00000 


These three tests plus the first test of the next group 
are sufficient to prove that multiple decoding is not present within 
the eight bit section. 


40000 77777 5 
37600 77777 3 
17600 77777 4 
07600 77777 5 
03600 77777 6 
01600 <77777 7 
00600 77777 8 
00200 77777 9 


00001 

00001 

00001 

00001 

00001 

00001 

00001 

00001 


The above eight tests prove that the lower 3 stages of 
the 5 stages are getting decoded properly and that each of eight 
states is capable of gating a data bit out of channel 34. 
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4.2.3.50 cont. 


*10000 

77777 

17 

00000 

10100 

•10177 

25 

00000 

10100 

♦10000 

33 

00000 


The above three teste prove that the remaining three states 
of stages 4 and 5 are getting decoded properly and activate the 
proper 8 bit section. 


•40177 

10000 

17 

00377 (eight puls 

*40000 

77600 

25 

00377 

40000 

•40177 

33 

00377 


These three tests show that each of the bits within an 
8 bit section is capable of being transmitted. 

♦The input to counter 45 is inhibited until the position being in¬ 
terrogated is beyond this point. 

The last check performed in this section is set channel 
34 and 35 to sero, set bit 7 of channel 13 to a one and generate 
two BITSYNC pulses. Counter 45 is checked for 1 pulse, if this 
test is successful bit 7 of channel 13 is functioning properly. 

4.2.3.51 I/O STPIP (Ref. paragraph 3.1.1.8) The purpose of 

this test is to check the GYRO signals controlled by channel 14, 
bits 7 through 10, and the associated circuitry of PIPA counters 37, 
40 and 41. 


The following interface connections are made in order 
to accomplish this tests 


Load CH. 14 
10 9 8 7 

1 0 0 0 
1 0 0 1 
1 0 10 
1 0 11 
110 0 
1 10 1 
1 110 
1111 


Generate 

Causes Counter 

Signal 

Request 

None 

None 


GYXP 

PINC 

37 

GYXP 

PINC 

40 

GYZP 

PINC 

41 

None 

None 


GYXM 

MINC 

37 

GYXM 

MINC 

40 

GYZM 

MINC 

41 


Ordinarily this signal pairing would not function properly# 
since the BYRO signals occur at a 102.4 KC rate and are gated by 
computer timing signal SB1. The PIPA counter increments are generated 
during SBZ time. It was therefore necessary to invert the counter 
increment requests being generated by the GYRO signals. This was 
accomplished by wiring the high side of GYRO output transformer to 
the low side of the PIPA input transformer. Computer signal PIPSAM 
then converted the 102.4 KC GYRO signals to 3200 KC counter increment 
requests for the three PIPA counters. 


Associated with the PIPA counter increment requests is 
a circuit which rejects the first three consecutive pulses of one 
type, i.e., the first three PINC requests or three HINC requests. 
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4.2.3.51 cont. 

In order to check that all of the above circu J tr y 

properly the following teata are made for each code which ia entere 
into channel 14. 

Enter a code into channel 1« which will 
£e P r£d C ^ 

ofpul.es. Then check that the other two countera contain poaitive 
zero, that is, they did not receive any pulses. 

The number of pulses gated out for each test is octal 103. 
The counter being tested is checked for octal 100. 

In the case of the two illegal codes, all three counters 
are checked for positive zero. 

Th. term pre-condition implie. that *•»» «"J e °?* £mf 

rbe’^ted. 

s^^sr^srss zrss counter . r . t—. 


4 2 3.52 I/O Teat IV (Ref. paragraph 3.1.1.8) Thia 

that out countera 50 through 54 are diminished by"■ i^ C ac °omplished 

inatruction DINC into circuita which requeat counter incrementa. 


Load 

Ch. 14 DINC 
Bit QUTCTR 


If Contents 
of 

QUTCTR is 

Positive 

Negative 

Positive 

Negative 

Positive 

Negative 

Positive 

Negative 

Positive 

Negative 


Generate 

Interface 

Signal 


CDUXDP 

CDUXDM 

CDUYDP 

CDUYDM 

CDUZDP 

CDUZDM 

TRNDP 

TRNDM 

SHFTDP 

SHFTDM 


This is 

Wired 

Into 

CDUXP 

CDUXM 

CDUYP 

CDUYM 

CDUZP 

CDUZM 

TRNP 

TRNM 

SHAFTP 

SHAFTM 


Causes 

Counter 

Request 


PCDU 32 
MCDU 32 
PCDU 33 
MCDU 33 
PCDU 34 
MCDU 34 
PCDU 35 
MCDU 35 
PCDU 36 
MCDU 36 


PCDU cauaea a counter to be incremented in two 'a complement arithmetic. 

The CDU-DP or K aignala are generated untilthecont.ntaofthe out 
counter are diminished to minus zero. At this time the channel bit 
which was requesting the DINC instruction is reset and checked. 

In this routine each counter pair, 32+x, 50+x “ ? oalr 
x m A\ ia tested separately. Pour tests are performed on each pair. 
Initially 32«1. ~t to -30. Th. following number, are placed in 

50+x. 101 
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4.2.3.52 cont. 

Trial 1. 

* 2 . 


• 3. 

* 4. 


♦30 

♦30 

-30 


10 

10 

10 


-30 


10 


(l'a complement) 
(l'e complement) 


The corresponding 32+x values should become - 
results of trial 1. ♦O 
• - • 2. ♦30, 


3. ♦O 

4. -30 


*10 


(2's complement) 


When performing a trial, after one of the above numbers 
is placed on 50+x and its corresponding drive bit set, the program 
waits until the drive bit resets and then checks 32^x for the expected 
result. Inorder to avoid an endless loop in the case of the drive 
bit not resetting, a time limiting loop has been incorporated. If 
the drive bit does not reset within the given time (aproximately 
10 msec.) the test fails. 


4.2.3.53 I/O Test 2V (Ref. paragraph 3.1.1.8) This test checks 
that the radar control codes which are associated with bits 1 through 
4 of channel 13 are functioning properly. This is accomplished by 
using the decoded radar signals to generate increment requests for 
BMAG counters 42, 43, and 44. Bit 8 of channel 13 also gets tested 
since the counter requests which are generated at the interface module 
must pass through circuitry which is enables by this bit. 


Below is a sequence of events which occur when a code is 
entered into the lower 4 bits of channel 13. 


Ch. 13 Code 
4 3 2 1 


Radar feiganl 
Generated 


Counter Request Type of In- On 

Generated crement Requested CTR I 


1 

0 

0 

0 

None 

None 

1 

0 

0 

1 

RR RANG 

BMGXP 

1 

0 

1 

0 

RR RARA 

BMGXM 

1 

0 

1 

1 

None 

None 

1 

1 

0 

0 

LRSVEL 

BMGYP 

1 

1 

0 

1 

LRYVEL 

BMGYM 

1 

1 

1 

0 

LRZVEL 

BMGZP 

1 

1 

1 

1 

LR RANG 

BMGZM 


None 

PINC 

MINC 

None 

PINC 

MINC 

PINC 

MINC 


None 

42 

42 

None 

43 

43 

44 
44 


The radar signals are generated at a 3200 cycle/second 
rate for a period of 90 ms. This results in the generation of 256 
pulses each time a code is entered into channel 13. 
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4.2.3.53 cont. 


Initially, in this teat, counters 42-44 are set to +0 
and three tests are performed with each radar code and bit 8 of 
channel 13 set. 

In the case of codes 11, 14, and 16 the proper counter 
is initialised at -400 8 . The first request should PINC the counter to 

-0. The second request of the same code should MINC it to -377g. It 
is then set to 40400 8 * After the next request of the same code it 
should read 40000^ 

A test is performed with each radar code and bit 8 of 
channel 13 reset to ascertain that the counter accessed will not change 
in value. 


The program periodically checks that no counter has 
changed form +0 other than the one to which a request is sent. 

Each counter request should produce a RADARUPT. The 
program checks to see that this has occurred. 

When bit 4 in channel 13 is reset, the program knows that 
the proper counter should contain the expected value and that the 
RADARUPT should have occurred. A timing loop has been incorporated 
to prevent an endless loop from occurring in the event bit 4 of 
channel 13 was not reset. 

The no signal codes (10 and 13) are used to check that no 
signals are generated to any counter. 

4.2.3.54 I/O Test 3V (Ref. paragraph 3.1.1.8) This test checks 
that bit 1 of channel 14 controls the OUTLINK circuitry and that this 
circuitry is functioning in the prescribed sianner. Bit 1 of channel 
14 causes the computer to generate a PLAG bit for the OUTLINK data and 
then shifts the 15 bits of OUTLINK data out of counter 57. Each of 
these 16 bits generate either a 0TLNK1 or OTLNKO signal in the interface 
nodule depending on whether or not the data bit was a "1" or a 0 
respectively. These signals are then used to generate SHINC and SHANC 
instructions for the UPLINK counter. 

0TLNK1 causes UPLINKl which requests a SHANC on counter 45. 

OTLNKO causes UPLINKO which reqhests SHINC on counter 45. 

This causes the data of counter 57 to be duplicated 
in counter 45. 

Bits 5 and 6 of channel 13 are also incorporated in this 
test since they control the inhibit or enable status of the UPLINK 
counter. 
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4.2.3.54 cont. 

Pour check* ere performed here. They are - 

I. 1. Set Channel 13 bit* 5 and 6 to 00. 

2. Set counter 57 to 25252 g counter 45 • 0, and 
Channel 14 bit 1-1. 

3. Wait a maximum of 10 m* for Channel 14 bit 1 to 
reset. If it ha* not reset within thi* time, test 
fails. 

4. Delay 5 more m*. ^ ^ __ .. 

5. Check that an UPRUPT occurred. If not. Pail. 

i UPRUPT should have been caused when the flag bit 

was detected in bit 16 of CTR 45. 

6. Check that counter 45 now contain* 25252 . If not, 

Pail. 8 

Set Channel 13 bits 6 and 5 to 10 (INHIBIT UPLINK)• 

Set counter 57 to 25252, counter 45-0 and channel 
14 bit 1-1. J , 

Wait a m iiyiwmn of 10 ms for channel 41 bit l 
to reset. If it has not reset within this time, 
test fails. 

Delay 5 more ms. 

Check that no UPRUPT occurred. If it did, Fail. 

Check that counter 45 still contains 0. If not. Fail. 

Xu Same as I above except set CTR 57 to 52525 in step 2 

and expect 52525 in CTR 45 in step 6. 

IV # Same as II above except set CTR 57 to 52525 in step 2. 

4.2.3.55 I/O Test 4V (ref. paragraph 3.1.1.8) This test checks 

that bits 2 and 3 of channel 14 control the altitude meter circuitry 
and that this circuitry is functioning in the prescribed manner. 

Bit 3 of channel 14 causes the computer to generate a flag bit for the 
altitude meter data and then shift the 15 data bits out of counter 
60. Bit 2 selects one of the two paths by which the data may be 
transmitted. 

Bit 2 Data Bit Transmit Via 

ALTO 
ALT1 
ALRTO 
ALRT1 

The wiring at the interface is such that - 

ALTO causes RRINO, 

ALT1 causes RRIN1, 

ALRTO causes LRINO, 

ALRT1 causes LRINl, 

These RR and LR signals will be converted to counter requests for 
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4.2.3.55 cont. 

SHINC and SHANC on counter 46 when a radar code is loaded into 
channel 13. 


The following i» a list of the tests which are done to 
insure proper operation of the ccabined circuitry* 


Load 

Ch. 14 Bits 


Load Data Expected 

Ch. 13 Bits in Computer 


3 2 
1 0 


1 1 


4 3 2 1 

10 0 0 
10 0 1 
10 10 

10 0 0 
110 0 
110 1 
1110 
1111 


None 

Duplicate of counter 60 
Duplicate of counter 60 

None 

Duplicate of counter 60 
Duplicate of counter 60 
Duplicate of counter 60 
Duplicate of counter 60 


There are two checks made for each code listed for 
channel 13. In the first check counter 60 is loaded with bit 

configuration, in the second check counter 60 is loaded Tilths answer 
even bit configuration. The two results are then added and the answer 
checked for minus sero. Where no data is expected the answer is 
checked for positive sero. 

There is one other test performed, and that is one the 
generation of the flag bit from the altitude meter circuitrv. Un¬ 
like counter 45 there are no interrupts generated when the ***9 
bit is sensed in position 16 of the counter and therefore this bit 
is not self checking. 

This check consists of loading counter 60 with a 

until this bit has been shifted one place to the left. 
Xt*this ^ counter «i.ch.c*.d to ... that it contain, th. .a~ 
information. 


Radar code 1011 is not implemented and should not be 

tested. 

i 2 3 66 I/O Test 5V (Ref. paragraph 3.1.1.8) This test checks 
that^out counter. 55 and 56 are di.inished by ,?™ C 

the Droper bit is written into channel 14. This accomplished by 
wiring the resultant interface signals which are generated during 
instruction DINC into circuits which request counter incrementk.. 
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4.2.3.56 cont. 


Load 


If Contents 

Generate 


Ch. 14 

DINC 

of 

Interface 

This is 

Bit 

OUTCTR 

OUTCTR is 

Signal 

Wired Ir 

4 

55 

Positive 

♦THRST 

BMGXP 


55 

Negative 

-THRST 

BMGXM 

5 

56 

Positive 

♦EMS 

BMGYP 


56 

Negative 

-EMS 

BMGYM 

Bit 8 of 

channel 

13 is also used 

since it 

enables the 

to be gated into 

the counter cells. 



Causes 
CTR Request 

PINC 42 
MINC 42 
PINC 43 
MINC 43 


Following is a list of tests actually performed. 

Write 1 into channel 13 bit 8. 

0 CTR 42 (BMAGX), 0 CTR 43 (BMAGY). 

377 g CTR 55. 

Set channel 14 bits 5, 4 • 01. 

Wait until channel 14 bit resets (100 ms is allowed)• 
Does CTR 42 - 377 g ? If not, error. 

Same as I except 77400 g CTR 55 (step 2) and 77400 g 



III 


IV. 


1. Write 1 into channel 13 bit 8. 

2. 0 CTR 42 0 CTR 43. 

3. 377 g CTR 56. 

4. Set channel 14 bits 5, 4 - 10. 

5. Wait until channel 14 bit resets (100 ms is allowed). 

6. Does CTR 43 - 377 g ? If not, error. 

Same as III except 77400 CTR 56 (step 2) and 77400 g 
expected on CTR 43 (step 6)• 


4.2.3.57 I/O Test 6V (Ref. paragraph 3.1.1.8) This test is per¬ 
formed in order to check the decoding circuitry controlled by bits 5 
and 6 of channel 13. These two bits are decoded such that information 
may be gated into the UPLINK counter, via of counter priority cells, 
from two different sources. That is, interface signal UPLINK or 
XLINK. It also checks that the circuit used for detecting excessive 
rates of information flow from these two sources is operative, and 
does control the INLINK TOO FAST bit of channel 33 when an excessive 
rate is detected. This is accomplished by using bit 6 of channel 14 
to generate signal GYENAB and making the interface connection such 
that GYENAB causes XLINKO. The frequency of GYENAB is approximately 102 
KC. 


The following is a list of the eight tests which are 

performed - 
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4.2.3.57 cont. 


In Ch. 33 

Set Ch. 13 Set Ch. 14 Bit 11 

Bits 65 Bit 6 Look for a 


0 0 1 
10 1 
11 1 
0 1 1 


1 

1 

1 

0 


The four are then repeated with bit 6 of channel 14 set 
to zero. Por these four tests bit 11 of channel 33 should remain 
a one. The bits of channel 33 are inverted. Therefore bit 11 will be 
S one until the INLINK TOO PAST signal is present. 

In checks one and two, bit 5 inhibits information 
from entering the counter priority cells via XLINK, therefore the 
excessive rate of XLINKO is not detected. In check three, bit 6 
inhibits reception of INLINK data from either source, again the 
excessive rate should not be detected. 

In check number four the combination of bits 5 and 6 
allows information to be gated into the INLINK cirucitry via XLINK and 
at this time the excessive rate of XLINKO is detected and signal 
INLINK TOO PAST is generated, channel 33 bit 11 set to zero. 
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4.2.3.58 Special Rope Test (Ref. Paragraph 3.1.1.4). Individual, 
time dependent checksums will be performed on each of the abbreviated 
rope modules. The checksum used will accomplish more than an ordinary 
checksum:. The program will be written to detect interchanged strand 
wiring and interchanged inhibit wiring. The program will also check 
proper resetting of the cores. 


4.2.3.59 Register 20-23 6 NDX Generation (Ref. Paragraph 3.1.1.5). 
Check the proper operation of all instructions on registers 20-23. 

Check worst case add by adding all possible numbers to NZ. Check that 
INCR and AUG instructions will cause interrupts when overflow results 
are obtained in Time 5, and executing the RUPT by using the EDRUPT 
instruction. Check the proper operation of INCR on Time 1 and Time 2. 
Generate all instructions by using INDEX instructions. Check that gojam 
will reset channels 5, 6, 10, 11, 12, 13, 14, 34, and 35. 


4.2.3.60 DSKY Display (Ref. Paragraph 3.1.1.14). Turn OFF all 
lights on the DSKY's. Turn ON all alarms, 9*s +sign, and V/N flash, 
turn ON all 8*s and -sign. Turn ON all T’s-O's consecutively without 
sign. Blank the DSKY. 

TIMECHK8 consist of 16 tests described below — 

(Tests #'s 1, 2, A 3 Ref. Paragraph 3.1.1.10) 

(Test #4, Ref. Paragraph 3.1.1.11) 

(Tests #5 thru #16, Ref. Paragraph 3.1.1.10) 

All time counters and channels 3 and 4 are checked from proper 
frequency of incrementing. T1 through T6 are checked for proper 
phasing to each other. The external clock indicates amount of tim*e 
actually taken. DSKY displays the amount that should have been 
taken. 

Test #1 - Allow channel 4 to count from 0 to 0. Should take 
5120 ms. 

Test #2 - Allows channel 4 to pulse 32 times. Should take 10 ms. 
Test #3 - Waits for channel 3 to pulse once. Should take 5120 ms. 
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4.2.3.60 (Cont'd) 

Test #4 - Loads and checksums erasable memory, stores CH3 and 4 

time and goes into Standby. Upon returning from Standby 
it computes the number of increments which Ch3 and 4 
should have received and displays them — the operator 
can then compute whether the external clock reading is 
accurate. It also does a checksum on E memory to see that 
it remained undisturbed by the Standby mode. 

Test #5 - Allows each time counter (Time 1-5) to count from 1 to 0 

thru Each should take 163,830 ms. 

Test #9 

Test #10 - Allows time 6 to count from 37777 fl to -0. Should take 
10.23938 secs. 

Test #11 - Allows time 6 to count from 4OOOO 0 to -0. Should take 
10.23938. 

Test #12 - Checks amount of time that elapses between incrementing 
of time 3 and 4. Should be 7.5 ms. 

Test #13 - Checks amount of time that elapses between incrementing 
of time 3 and time 5. Should be 5.0 ms. 

Test #14 - Checks amount of time that elapses between incrementing 
of time 4 and time 1. Should be 2.5 ms. 

Test #15 - Checks phasing from time 4 to time 2. Should be 2.5 ms 
because time 1 is set to PFS at each time 2 change. 

Test #16 - Checks phasing from time 3 to time 6. Should be .3125 ms 



4.2.3.61 Worst Case Noise Erasable Memory Test (Ref. Paragraph 3.1.1.3) 
Banks*0 to 7 of erasable memory are loaded with the bit pattern* *• 
indicated in Table 1. Each work of bank 0 through 7 is checked in t 




1. The word is read out and compared against the word that was 
stored. 

2. One bit of the word (starting with bit 15) is complemented and 
together with the rest of the original word is restored into 
its previous location. 


J 
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4.2.3.61 (Cont'd) 

3. nils word is then read out and checked for the proper bit 
configuration. 

4. The original word is now restored to its proper location. 

It should be noted that each bit as described in step 2 is done for all 
banks before the next bit in the word is complemented. This sequence 
of operations is repeated for all 15 bits of a word and when complete, 
each word that was stored originally, as indicated by Table 1, is now 
complemented and the process is repeated. 

Upon successful completion the whole test is recycled. If an error is 
detected, the progran will stop on a TC Trap. 

Table 1 


E Bank 

Starting Address 

Word Pattern 

0 

1424 

0,0,1,1,0,0,1,1, etc. 

1 

1400 

1,1,0,0,1,1,0,0, etc, 

2 

1400 

1,1,0,0,1,1,0,0, etc, 

3 

1400 

0,0,1,1,0,0,1,1, etc, 

4 

1400 

0,0,1,1,0,0,1,1, etc, 

5 

1400 

1,1,0,0,1,1,0,0, etc 

6 

1400 

1,1,0,0,1,1,0,0, etc 

7 

1400 

0,0,1,1,0,0,1,1, etc 


4.2.3.62 Warning Integrator Check Test (Ref. Paragraph 3.1.1.12). 

The purpose of this test is to check the warning alarm. Upon entering 
the test, the state of the warning alarm is examined. If on, the 
computer activity light is set? otherwise, it is reset. There is then 
a fifteen second delay during which the warning light should go OPP if 
it wasn't. If this does not happen, the STOP Pail routine is entered 
and the test terminated. 

If the above check was successful, eight further checks are performed. 
Any of these checks which fail will not terminate the test — just give 
a fifteen second indication of the failure on the DSKY and then continue 
to the next check. 
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4.2.3.62 (Cont'd) 

The eight check* employ the same philosophy. Bach is concerned with 
pulsing the test alarm bit every "Y" seconds over a period of "Z" 
seconds. The state of the warning bit is examined at the end of the 
"Z" seconds and, if it is not what is expected, there is a 15 second 
fail display. Otherwise, there is a 15 second success display. 

Each time the test alarm bit is pulsed (i.e., every "Y" seconds during 
a check), the state of the warning bit is checked. When on, the 
computer activity light is set. When off, it is reset. 

For the first four of the eight checks, the warning alarm bit is reset 
before the above described pulsing of the alarm bit is initiated. On 
the last four, the warning alarm bit is set. 

During the performance of a particular check, the DSKY will display 
the followings 


Rl ■ 8-"test #(1-8)" 

R2 - »Y" - how often the test alarm bit is being pulsed 

(shown in seconds and hundredths of seconds) 

R3 m "2" - length of time over which the alarm bit is pulsed 
(in seconds)• 


At th. and of th. check, R2 and R3 «r. blanked and, if succesa, 8-“teat #' 
remains in Rl. Otherwise Rl becomes 9 — test # . 


The particulars for each check are as followss 


Check 

No. 

1 

2 

3 

4 

5 

6 
7 



R2 (Y) 

R3 (Z) 

Initial 

End Expected 

Rl 

(1 pulse every Y, 

,YY secs. 

Warning 

Warning 

Display 

for ZZ seconds) 


State 

State 

8-1 

3.00 

60 

OFF 

OFF 

8-2 

2.00 

60 

OFF 

OFF or ON 
accepted• 

8-3 

1.00 

12 

OFF 

ON 

8-4 

0.16 

1 

OFF 

ON 

8-5 

0.50 

60 

ON 

ON 

8-6 

1.00 

60 

ON 

ON 

8-7 

2.00 

60 

ON 

OFF or ON 
accepted. 

8—8 

3.00 

60 

ON 

OFF 
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4.2.3.63 Supervisor. Displays failures for 15 seconds, forever, or 
returns to the next test. Displays number of successes and failures 
on DSKY at the end of a complete loop of tests. Failures diaplay test 
number, address of failure, bank values, and number of failures to 
that point. 


4.2.3.64 DSKY Checks (Ref. Paragraph 3.1.1.15). Check input of each 
key for proper codes. A continuous failure of the same type will 
terminate the test. Entries of keys within a .50 ms period will cause 
an alarm indication at all tisies. 


4.2.3.65 Priority of Interrupts (Ref. Paragraph 3.1.1.12). 
all interrupts and check that each occurs with correct priority 


Generate 


4.2.3.66 DSKY Vibration. The computer is locked up and the DSKY ! 

cleared. If a keyrupt occurs while the DSKY is being vibrated, this entry 
is displayed in the R1 component of both DSKY'a. The display represents 
the total number os such entries since the beginning of the test. 


4.2.3.67 BEGINP Test (Ref. Paragraph 3.1.1.8). Briefly, channels 
30, 31 and 32 received information, DC signals, which are c ° n ** oll * d 
by switches on the CTS. Some of these signals, CH31, bl ** 
bits 1-10, may cause rupt 10 when enabled by the proper bit of channel 
13. The breakdown is as follows* 


If Ch32 contains 

CH13 •nY th# 

Bit Enables following bits 


If CH33 contains 
any of the 
following bits 


12 

13 

14 


rupt 10 
rupt 10 
rupt 10 


1 through 6 
7 through 12 


1 through 10 
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4.2.3.67 (Cont'd) 

This t..t then chtcki that CH30, 31 and 32 received DC signal. in the 
proper bit position, vis the interface vodule. Also it checks to see 
that the interrupt is controlled by the proper bit position of channel 
13 and occurs when requested. 

Following is a description of the way in which this is handled. 

initially check to see that CH30, 31 and 32 have no bits 

Turn OFF COMP. ACT. This signals the operator that it is OK to stard 

checking the switches, beginning at CH30, switch position one. 

When the progran finds that the switch has been turned OH. it checks 
to sm that it is the proper switch, if it is, it then checks the 
other two channels to insure that they do not hav. bits “ 

both of these checks pass, th. COMP ACT. is turned OH in the DS1« and 
the A register shows a five s.cond flashing dl, P 1 *y of J* e 
tasted After 5 seconds the COMP ACT. is turned OFF, this signals the 
oplrl^r totu™ OFF th. switch lust tested and turn OH the "~^witch 
to the left. When a test is complete on an entire channel the next 
switch to bs tested is switch number on# of th# n#xt ch#nn#l. 

Th. following is a Hat of DSKY indications used in this test, and 
th#ir int#rpr#t#tion• 

HO ATT Operator failed to turn OH next test vit within one 

sdnut. of coeipletion of testing of last bit. 

KEY RELEASE Two adjacent switches ar. OH for 30 seconds. This 

situation arises when the operator turns OH th. 
switch to be tested befor. h. turns OFF the switch 
which was just checked• 


GIMBAL LOCK KUPT10 was caus#d by wrong bit. 

AMD HOLD 

H0L0 D#t#ction of an improper bit in CH30, 31 or 32. 

Display on DSKY as followst 

Houn - Channel Where error was detected 
Regl • Octal display of CH30 
Reg2 - Octal display of CH31 
Reg3 - Octal display of CH32 

interrupt did not occur %dien requested. Display 
contents of CH30. 31 and 32 as previously described. 


HOLD with 
Flashing 
Verb* Noun 
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4.2.3.67 (Cont'd) 

OPERATOR Oper ator failed to select and option for returning 

ERROR frost one of the three hold conditions. 

PREE The selected option has been processed. 

The options for returning to the test are requested by switches 1 and 2 
or 14 and 15 of channel 30. 


Switch 


Function 


1 or 14 

2 or 15 

1 and 2 or 
14 and 15 
None of the 
above 


Test same bit over 

Start test at next bit position 

Start test at position one of next channel. 

Operator error. 


The procedure, for using the options when a hold condition exists 
is as followss 


Turn ON T12 

Turn OFF all channel switches 
Select an option 
Push fresh start 
Turn OFF T12 

Press Proceed - Free light comes on 
Turn ON T12 

Turn OFF option switches 
Push fresh start 
Turn OFF T12 

Press Proceed - DSKY clears and switch selected for testing may be 
turned on. 

Procedure for returning from no ATT and KEY RELEASE conditions. 

Turn ON T12 

Correct condition which caused ALARM 
Push fresh start 
Turn OFF T12 

Push Proceed - Routine starts test %diere it left off - if the same 
condition exists at this time, the operator will get 
a hold condition which is an error. 
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5. PREPARATION FOR DELIVERY 

5.1 GENERAL. Preparation for delivery shall be in accordance 
with Specification HD 1002214. The Computer Assy and DSKY'a shall 
be pressurized for shipment at 2.0 ± 0.5 psig with dry nitrogen at 
ambient room temperature. 

6. NOTES. None. 
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3.1.6.1 (Continued) * 

Vibration in each of three mutually perpendicular axis shall be for 2 
minutes as follows: 3DB/octave Rollup 10 HZ to 0.04g 2 /HZ at 70 IE, O.Otg^/HZ to 
420 HZ, 3DB/octave Rolloff from 420 HZ to 2000 HZ. 

Tolerance limits between 10 HZ shall be ± 3^B J 
♦Tolerance limits between 50 IE and 1000 HZ shall be ± 1.5®J 
Tolerance limits between 1000 HZ and 2000 HZ shall be + 3 OB 

♦In the event the ± 1.5DB from 50 to 1000 HZ cannot be met with existing facili¬ 
ties, the tolerance may be broadened to + 31® providing the overall g rms level 
is held to + 10 percent. 

3.1.7 Leah Rate. With the computer pressurized to 30.0 ♦ 1.0 psia with dry 
nitrogen at 25°C + 2C°, the leak rate shall not exceed 1.0 psia far a period of 
24.0 + 0.5 hours.*” With the DSKY pressurized to 2 psig at 25°C ± 2°C using a 
mixture of 90J& nitrogen and lOjt helium the leak rate shall not exceed 1 x 10”- 3 
cc/sec/atm. 

3.1.8 Aging. The AGC shall have accumulated not less than two hundred 
hours operating time prior to completion of test. • 


3.1.9 Miscellaneous Signals. 

3.1.9.1 Signal W-910 (CNTRL l) (2000-ohm short to ground) shall force the 
output of the +4 VDC power supply to 3.40 + 0.01 VDC and 4.50 + 0.01 VDC. 

3.1.9.2 Signal W-9U (CNTRL 2) (2000-ohm short to ground) shall force the 
output of the +14 VDC power supply to 12.10 + 0.01 VDC and 16.40 + 0.01 VDC. 

3.1.9.3 Signal D-912 (HHVJAL) shall inhibit RESTART due to voltage fail condition 

3.1.10 Spare and Wot Connected Terminals. The following AGC connector A51 
and D6KY connector J9 pins are provided as spare and NC terminals. 

Connector A51 Connector J9 


Numbers 

Pin Numbers 

Signal 

Designation 

115 

75 

W-210 

SPARE 


74 

W-213 

SPARE 

116 

73 

W-241 

SPARE 


13 

W-246 

SPARE 


34 (H) 

SD326 

SPAKE 

• 

37 (H) 

SD328 

SPAKE 


56 (M) 

SD444 

SPARE 

. 

34 (M) 

SD445 

SPARE 

141 

- 

A-859 

NC 

140 

• 

A-860 

NC 


- 

RD875 

4/7/68 

. 

• 

—908 

- 


- 

CB028 

NC 
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3.1.6.1 (Continued) 

Vibration in each of three mutually perpendicular axis shall be for 2 
minutes as follows: (See Figure 3-4). 3EB/octave Rollup 10 HZ to 0.04^/HZ at 70 HZ, 

0.04g2/ffii to 420 HZ, 3I»/octave Rolloff from 420 HZ to 2000 HZ. 

Tolerance limits between 10 IE shall be + 3DB; 

♦Tolerance limits between 50 HZ and 1000 HZ shall be ♦ 1.5DB; 

Tolerance limits between 1000 HZ and 2000 HZ shall be + 3DB 
♦In the event the + 1.5QB from 50 to 1000 IE cannot be met with existing facili¬ 
ties, the tolerance may be broadened to + 3DB providing the overall g rms level 
is held to + 10 percent. 

3.1.7 Leak Rate. With the computer pressurized to 30.0 + 1.0 psia with 90$ 
nitrogen and 10$ helium at 25°C + 2C°, the leak rate shall not exceed 1.0 psia for 

a period of 24.0 + 0.5 hours. With the DSIOf pressurized to 2 psig at 250C + 2°C using 
a mixture of 90$ nitrogen and 10$ helium the leak rate shall not exceed 1 x 10*3 
cc/sec/atm. 

3.1.8 Aging. The AGC shall have accumulated not less than one hundred hours 
operating time during acceptance test. 

3.1.9 Miscellaneous Signals. 

3.1.9.1 Signal W-910 (CNTRL l) (2000-0hm short to ground) shall force the 
output of the +4 VDC power supply to 3.40 + 0.01 VDC and 4.50 + 0.01 VDC. 

3.1.9.2 Signal W-911 (CNTRL 2) (2000-ohm short to ground) shall force the 
output of the +14 VDC power supply to 12.10 + 0.01 VDC and 16.40 + 0.01 VDC. 

3.1.9.3 Signal D-912 (NHVFAL) shall inhibit RESTART due to voltage fail condition. 

3.1.10 Spare and Not Connected Terminals. The following AGC connector A51 
and DSKY connector J9 pins are provided as spare and NC terminals. 

Connector A51 Connector J9 


Pin Numbers 

Pin Numbers 

Signal 

Designation 

115 

75 

W-210 

SPARE 

- 

74 

W-213 

SPARE 

116 

73 

W-241 

SPARE 

. 

13 

W-246 

SPARE 

. 

34 (N) 

SD326 

SPARE 

- 

37 (N) 

SD328 

SPARE 

- 

56 (M) 

SD444 

SPARE 

- 

34 (M) 

SD445 

SPARE 

141 


A-859 

NC 

140 

. 

A-860 

NC 

- 

- 

RD875 

4/7/68 

- 

- 

—908 

- 

M3 

- 

CB028 

NC 
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4.2.2 (Continued) 

a. The Acceptance Tests must be performed with one (1) 
Computer and two (2) Dsky's. If any of the units 
are missing. Hangar Queen units shall be used 
during the tests. (*) 

The Hangar Queen units shall not be subjected to 
mechanical inspection, vibration, thermal cycling, 
weight measurement, leak test or to the require¬ 
ments of long term aging or Test Data JDC. A 
failure,isolated to a Hangar Queen shall not be 
cause for rejection of the unit undergoing 
acceptance tests. 

b. To perform the tests specified herein. Fixed Memory 
Modules containing Newspeak Program are required 

in the Bl and B2 positions and Warning Test Rope 
Assemblies are required in the B3, B4, B5 and B6 
positions. These modules must meet the requirements 
for factory test equipment. 

(*) Definition of Hangar Queen 

A Hangar Queen Unit shall be defined as a Computer 
or Dsky which is capable of passing the following 
JDC'st 


1. 

05394 

Transient Voltage Test 

2. 

05343 

Equipment Setup 

3. 

05344 

Equipment Power Turn On 

4. 

05345 

Computer Power Turn On 

5. 

05351 

Marginal Voltage Test 

6. 

05376 

Automatic Newspeak Test 

7. 

05379 

Dsky Test (Indicators & Keyboard) 

8. 

053 82 

Standby - E Memory Test 

9. 

05384 

Priority of Interrupts 

10. 

05385 

Dsky Spacecraft Signals 

11. 

05388 

CTS Control of Newspeak 


The equipment shall be tested in accordance with the above 
requirements during preliminary testing of the unit (s) 
which will be sold. 
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4.. '.3 fRCftRW V\W 1 ’ :.\K. The following in formation is sullied nr a further 
explanation of the Irorran Nowspeak JDC's 05375 thru 05386, and 05388. 

4.2.3.1 Erasable Memory Checks (Ref. Paragraph 3.1.1.3). 

4.'*.''.1.1 Registers A, l, and ■> are tested usin* both posi tive and negative 
numbers, fhiltiplicntion is used to check that, the low order product, in i is 
WMcrat.od cor-ectly. The register is checked by ad-iition and subtraction t r. 
»*e'l no by checking for correct, return addresses wW*n the TC instruct ions ;.ri 
utilised, 

1. . ~.3.1.2 Test ARUFT and RRIMT registers for Draper loading. 

1 .2. 3.1.3 Registers CYI and CYR are tested by loading with + 0 and cycling 
lb times to assure that no bits are either dropped or r*icked“up. *H.ese 
registers are then loaded with negative full scale (40000) and cycled 37 ti:i : . s 
to assure proper cycling and end around carry. 

The :*R register is checked for propagation of the sign bit and for shifting 
of a one in the M33 to L3B. This register is also checked with ♦ ' • 

The i£D0!‘ register is first checked with negative zero and then with a loop 
that loads a moving one starting with negative full scale down a plus one. 

4.7.3*1.4 Test Erasable Banks 0, 1 and 2 by Register ami Absolute i.ddress. 

This test checks that the same locations in erasable banks 0, 1 and 2 can 
be addressed by either specifying the actual address or by erasable bank 
register and an 3-register value above 1400 octal. 

4.2.3#1#5 Test Erasable Rank 0 

T o nonit testing of bank C the contents must be placed in erasable bank 1. 

A checksum of bank 0 is taken before the contents are transferred to bank 1 
and again when it is restored to its previous state. 

The following tests performed on erasable banks 1 through 7 are done seoarately 
on erasable bank 0 after the contents of bank C are placed in bank 1. The 
starting address of bank C is 0060. 

a. All locations are loaded with all ones and all zeroes and checked. 

b. All locations are loaded with a moving one and moving zero pattern and 
cheeked. 

e. F>ur checkerboards are loaded and checked — 52525 and 25252 and opposite 
also 6?l'-6 and 14631 and opposite. 

d. Fach location is loaded with its own bank number and 3-register address 
and checked. 
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1.0 SCOPE 

This specification establishes the detail' requirements for 
complete identification and acceptance of all anits of the Apollo 
Guidance Computer, Part Humber 2003993-011, hereinafter called A0C *. 
and the Display and Keyboard Assy, Part Humber 2003994-011, herein¬ 
after called DSKf. 

2.0 APPLICABLE DOCUMENTS 

i.l EFFECTIVE ISSUES. The following documents form a part of 
this specification to the extent specified herein, unless otherwise 
specified. Military Standards and Specifications shall be the issue 
in effect on the date of request for proposal or invitation to bid. 

SPECIFICATIONS 

APOLLO O&H 

HD 1002214 




DRAWINGS 

APOLLO GAN 


2003991 

(Copies of specifications, standards, drawings, bulletins, and publi¬ 
cations required by suppliers in connection with specific procurement 
functions should be obtained from the procuring activity or as directed 
by the contracting officer). 

2.2 CONFLICTING REQUIREMENTS. In event of a conflict between require¬ 
ments, the following order of precedence shall apply. The contractor 
shall also notify MIT/IL APOLLO Management of the conflict. 

a. The contract 

b. This specification 

c. Documents listed in this section 


■» Klen. . - - , 

• •« a*^. gm. \ 

General Specification for Preservation, 
Packaging, Packing and Container Mark¬ 
ing of APOLLO Guidance and Navigation 
Major Assemblies, Asseafelies, Sub assess 
blies. Parts and Associated Ground 
Support Equipment. 


APOLLO Guidance Computer Subsystem 
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1.0 SCOPS 

This specification establishes the detail' requirements for 
complete identification and acceptance of all anits of the Apollo 
Guidance Computer, Part Humber 2003993-011, hereinafter called A0C . 
and the Display and Keyboard Assy, Part Humber 2003994-011, herein¬ 
after called DSKY. 

• - ' ’• ! 

2.0 APPLICABLE DOCUMENTS 

2.1 % BFFBCTIVS ISSUES. The following documents form a part of 

this specification to the extent specified herein. Unless otherwise 
specified. Military Standards and Specifications Shall be the issue 
in effect on the date of request for proposal or invitation to bid. 


i *+-ian. , . " 'V, ■ . 

■ ■ o aw*. . ‘ ■ 

General Specification for Preservation, 
Packaging, Packing and Container Mark¬ 
ing of APOLLO Guidance and Navigation 
Major Assemblies, Asseafelies, Sub as seat- 
blies. Parts and Associated Ground 
Support Bquipsmnt. 


APOLLO Guidance Computer Subsystem 

(Copies of specifications, standards, drawings, bulletins, and publi¬ 
cations required by suppliers in connection with specific procurement 
functions should be obtained from the procuring activity or as directed 
by the contracting officer)• 

2.2 CONFLICTING REQUIREMENTS. In event of a conflict between require¬ 
ments, the following order of precedence shall apply. The contractor 
shall also notify MIT/IL APOLLO Management of the conflict. 

a. The contract 

b. This specification 

c. Documents listed in this section 


SPHSXFXCATIONS 
APOLLO G&H 
HD 1002214 


DRAWINGS 

APOLLO G&N 
2003991 



nODRE 3-1' Memory Cyele Time 


3.1.1.9 CP Register. The Write, Read end Clear Timing of the CP ragiatere 

shall be aa designated in Table 3-2. Write Control pulses for each register 
shall be gated by a WT pulse. The Write control pulaea shall also be gated by e 
CT pulse to produce a clear pulse. Read Control pulses shall be gated by an 
RT pulse. 
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3.1.1.9.1 Register A. This rsgistsr shall ssasist of 16-bit positions 
corre s ponding to tbs sixtson writs lines. Inf omatiou. shall bs written into 
or rood out of rsgistsr A in soeordsnss with tbs sontrol pulses listsd in 
Tsbls 3-2 as followst 

3.1.1.9.1.1 Vi, Control pulss HA shall olsar tbs A rsgistsr and sntsr 
Infomatlon frm writs linos 1 through 16 into tbs corresponding A rsgistsr 
bit positions. 


3.1.1.9.1.2 VSC. Control pulss V3C shall elssr ths A rsgistsr and sntsr 
inf (nation fras writs lints 1 through 16 into ths oorrsopondlng A rsgistsr 
bit positions provided that tbs oetal sddrsss spseifisd in Tsbls 3i-2 is sntsrsd 
into ths S rsgistsr. 

3.1.1.9.1.3 HALS. Control pulss VALS shall slsar ths A re gists rj and sntsr 
information tram writs linos 3 through 16 into A rsgistsr bit positions 1 
through lU respectively; shall sntsr infomatlon into A rsgistsr bit positions 

15 and 16 fraa Q register bit 16 provided bit 1 of 0 register eon tains s ZERO; and 
shall enter infomatlon into A rsgistsr bit positions 15 and 16 fron writs line 

16 provided that bit 1 of 0 register eentains s ONE. 

3.1.1.9.1J» HA. Control pulss KA shall read ths contents of register A bit 
positions 1 through 16 into ths oorrsspending write lines. 

3.1.1.9.1.5 ESC. Control pulss ESC shall read ths oontents of rsgistsr A 
bit positions 1 through 16 into ths corresponding writs lines provided ths 
octal address spseifisd in Table 3-4 is sntsrsd into ths S register. 

3.1.1.9.2 Register L. This rsgistsr shall consist of 16-Mt positions 
corresponding to ths sixteen writs lines. Infomatlon shall bs written into 
or read out of rsgistsr L in accordance with ths oontrol pulsss listsd in 
Table 3-2 as followst 

3.1.1.9.2.1 VL. Control pulss VL shall elssr ths L rsgistsr and sntsr 
infomatlon tram writs lines 1 through 16 into ths corresponding L register 
bit positions. 


3.1.1.9.2.2 VSC. Control pulss VSC shall olsar the L register and enter 
infomatlon from writs lines 1 through 16 into the corresponding L register bit 
positions provided that ths octal address specified in Table 3-2 is sntsrsd 
into ths S register. 

3.1.1.9.2.3 VALS. Control pulss VALS shall dear ths L register and sntsr 
infomatlon froai writs lines 1 and 2 into L regiatsr bit positions 13 and 1 h 
respectively. 


3.1.1.9.2.ii EL. Control pulss RL shall read the contents of rsgistsr L bit 
positions 1 through lit into ths corresponding writs lines snd bit position 16 
into writs lines 15 and 16. 
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3.1.2 DISPLAY and KEYBOARD (DSKY). The Displsy and Keyboaid Aaaanbllaa 

aha11 hava tha capability to atore, display, and tranafar binary inforna- 
tion aa raquirad by tha caaputar. lach DSKI ahall oonply to PS 2003994 
prior to ahipnant with tha ocmputer. 

In addition, tha followlns data for aaeh 06KY ahall ba included in tha 
Acceptance Data Package. 

1* Modula visual lnapaetion data 
2. Laak taat data 
0 3* Electrical taat data 

lu Intensity taat data 
$• Saitoh chatter data 


3.1.2.1 Voltage Requirements. The DSKY assemblies shall perform 

. as specified herein when supplied with the following input 
voltages. 

3.1.2.1.1 DC Voltages. The following DC voltages shall be applied to 
the assemblies through the designated connector pins. 

DSKY J9 Connector Pins 



VOLTAGE 

MAIN 

NAV 

SIGNAL - NAME 

a. 

14.04- 1.0 vdc 

1 

1 

WD240 - 

BPLSSN 

b. 

27.OF 6.5 vdc 

21 

- 

WD243 

4-28 COM 



• * 

21 

WD3&5 

4-28 COM 

c. 

5.04- 0.1 vdc 

• 

64 

N-347 

5V Status Power 


“ 

• 

65 

W-348 

5V Status Power Ret. 



• 

62 

W-349 

5V Caut. Power 



- 

63 

W-350 

5V Caut. Power Ret. 



62 

• 

WD446 

5V Caut. Power 



63 

• 

WD447 

5V Caut. Power Ret. 



64 

• 

WD448 

5V Status Power 



65 

• 

' WD449 

5V Status Power Ret. 

d. 

Ovdc (Ground) 

8 

8 

WD239 

OVDC 


3.1.2.1.2 AC Voltages The AC voltage supplied to the assemblies .. 

shall be 75 VRMS at 400 + 8 cpa, single phase variable up 
to 115 + 5VRMS and capable of being turned off. This 
voltage is applied to the following DSKY connector pins 
as the designated signals. 

NAV DSKY MAIN DSKY 

Signal — Name J9 Connector Pin Signal — Name J9 Conn. Pin 

W-343 115V 400 cps 38 W-437 115V 400 cps 38 

W-344 115V 400 cpg* RET 40 N-438 115V 400 cps RET 40 
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3.1.2.2 


3.1.2.3 


Input Syne Pulse. An 800 ♦ 16 cps sync pulse shall be 
applied to the DSKY assemblies through the following 
connector pins. 

DSKY J9 Connector Pins 


Signal - Name 
CC212 ELSNCN 


CC242 ELSNCM 
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Legend Brightness Control. The brightness of the legends 
(NOUN, VERB, PROGRAM, and the horizontal bars above each 
register) shall be variable from OFF to maximum brightness 
by input signals to the DSKY connectors as followst 


Signal Name 

WD345 DIMMER 

WD346 DIMMER RET. 

RD442 DIMMER 

WD443 DIMMER RET. 

3.1.2.4 Keyboard. With all keys except "STBY" individually pressed, 
signals DE201 through DE205 from the NAV DSKY and 

signals DE253 through DE257 from the Main DSKY shall 
produce the codes specified in Table 3-11. With no keys 
except STBY depressed, signal D-206 from the NAV DSKY and 
signal D-209 from the Main DSKY shall be present. Keys 
RSET and STBY on each DSKY shall produce signals D-207 and 
D-208, respectively, when pressed. 

3.1.2.5 Flashing Alarm Characters. With the flashing timing pulse, 
signals CB236 and CB244, applied to pins 46 and 72 of J9, 
respectively, the alarm indicators KEY REL and OPR ERR 
shall flash. 

3.1.2.6 Flashing Noun Characters. With the Flasher Timing Pulse, 
signal CB238 applied to pin 70 of J9 and the Noun numerical 
characters programmed for 8's (ref. Tables 3-12 and 3-13,) 
the numerical characters shall flAsh. 

3.1.2.7 Flashing Verb Characters. With the Flasher Timing Pulse, 
signal CB238, applied to pin 70 of J9 and the Verb numerical 
characters programmed for 8's (ref. Tables 3-12 and.3-13,) 
the numerical characters shall flash. 

3.1.2.8 Numerical Electroluminescent Indicators. With the appro¬ 
priate RLYWD and RLYBT combinations of logic "ones" and 
"zeros" applied as specified in Tables 3-12 and 3-13, the 
corresponding Noun, Verb, and Program legend numerical 
characters and the numerical characters of all registers 
shall be displayed. 
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3.1.2.9 Isolated Relay Indicators. When the codes specified in 
Table 3-14 are present, the corresponding isolated relay 
indicator shall be illuminated. Contact closure shall exist 
between pins of J9 as specified in Table 3-14. 

3.1.2.10 Status and Caution Indicators. With the signal applied 

to an input pin of J9 as specified in Table 3-15 the corres¬ 
ponding status or caution indicator shall be illuminated. 
Contact closure shall exist between pins of J9 as specified 
, in Table 3-15. 

TABLE 3-11 KEY CODES 
OUTPUT PINS 


KEY 

DE257 

DE205 

79 

DE256 

DE204 

76 

DE255 

DE203 

77 

DE254 

DE202 

78 

DE253 

DE201 

51 

D-206 

D-209 

49 

D-208 

D-208 

48 

D-207 

D-207 

28 

MAIN SIGNALS 
NAV SIGNALS 

KEY REL 

1 

1 

0 

0 

1 

0 

0 

0 


VERB 

1 

0 

0 

0 

1 

0 

0 

0 


NOUN 

1 

1 

1 

1 

1 

0 

0 

0 


ENTR 

1 

1 

1 

0 

0 

0 

0 

0 


CLR 

1 

1 

1 

1 

0 

0 

0 

0 


♦ 

1 

1 

0 

1 

0 

0 

0 

0 


- 

1 

1 

0 

1 

1 

0 

0 

0 


0 

1 

0 

0 

0 

0 

0 

0 

0 

* ' 

1 

0 

0 

0 

0 

1 

0 

0 

0 


2 

0 

0 

0 

1 

0 

0 

0 

0 


3 

0 

0 

0 

1 

1 

0 

0 

0 


4 

0 

0 

1 

0 

0 

0 

0 

0 


5 

0 

0 

1 

0 

1 

0 

0 

0 


6 

0 

0 

1 

1 

0 

0 

0 

0 


7 

0 

0 

1 

1 

1 

0 

0 

0 

i 

8 

0 

1 

0 

0 

0 

0 

0 

0 


9 

0 

1 

0 

0 

1 

0 

0 

0 


RSET 

1 

0 

0 

1 

0 

0 

1 

0 


STBY 

0 

0 

0 

0 

0 

1 

0 

1 
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3.1.5 Thermal Cycle Extremes. The subsystem shall be subjected 
to the thermal cycle specified below. The AGC shall be exercised 
using a rope program ^during the thermal cycle. The computer shall bfe 
pressurized at 2.0 ± 0.2 psig, and the DSKY pressurised at 2.0 ± 0.2 
psig at 25°C ± 3°C. 

a. Set ambient temperature to 0°C +0C° for 0 ± 1 hours. 

-2.8C° 

(power OFF and computer installed on coldplate)• 

b. Increase the ambient temperature to 65^C +2.8C° in not 

-0C° 

less than 40 minutes. This temperature shall be main¬ 
tained for 3 hours. 

c. Decrease the ambient temperature to 0^C +0C° in not less 

-2.SC® 

than 40 minutes. This temperature shall be maintained 

for 1.5 hours. 

d. Increase the ambient temperature to 65^C ♦l.flc® in not 

-oco 

less than 40 minutes. This temperature shall be main¬ 
tained for 1.5 hours. 

e. Decrease the ambient temperature to 0°C +0C° in not 

-2.8C° 

less than 40 minutes. This temperature shall be main¬ 
tained for 1.5 hours. 

f. Increase the ambient temperature to 65°C +2.8C° in not 

-0C° 

less than 40 minutes. This temperature shall be main¬ 
tained for 1.5 hours. 

g. Decrease the ambient temperature to room ambient (approx. 
25°C) in not less than 20 minutes. 

3.1.6 Vibration. The subsystem shall be exercised using a rope 
program triiile subjected to the random vibration limits specified belowt 

3.1.6.1 The Random vibration shall be Gaussian distributed with the 
exception that magnitude limiting shall occur at a peak to rms "a" 
ratio of 3 to 1. 

Vibration in each of three mutually perpendicular axis shall 
be for 2 minutes as follows: 3DB/octave Rollup 10 HZ to 0.04g 2 /HZ at * 
70 HZ, 0.04g 2 /HZ to 420 HZ, 3DB/octave Rolloff from 420 HZ to 2000 HZ. 

Tolerance limits between 10 HZ and 50 HZ shall be ± 3DB; 
♦Tolerance limits between 50 HZ and 1000 HZ shall be ± 1.5DB; 
Tolerance limits between 1000 HZ and 2000 HZ Shall be ± 3DB; 

♦in the event the i 1.5 db from 50 to 1000 HZ cannot be met with exis¬ 
ting facilities, the tolerance may be broadened to ± 3 db providing 
the overall g rms level is held to ± 10 percent^ 
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3*1*7 Leak Hitt. With the eoaqmter and each D6KY praaauriaad to 30*0 ± 1*0 * 

psia with dry nitrogen at 2*>°C ♦ 2C°, the leak rata shall ndt exceed 1.0 pain 

for a period of 2L.0 ± 0.5 hour*. 

3*1*8 Aging* The AOC Subsystem shall hare accumulated not lass than two 
hundred hours operating time prior to completion of test* 

3,1.9 Niaeallanaons Signals* 

3*1*8*1 Signal W-910 (CNTRL I)(2000-ohw short to ground) shall force the output of 
the *1* VDC power supply to 3*ii0 ± 0.01 vdc and l»*50 ± 0*01 vdc. 

3.1.9.2 Signal W-911 (CNTRL 2) (2000-ohm short to ground) shall force the output of 

the ♦Hi vdc power supply to 12*10 ± 0*01 vdc and 16*U) ± 0.01 vdc* 

3.1.9.3 Signal D-912 (NHVFAL) shaU inhibit RESTART due to voltage fall 
condition* 

3*1*10 Spare and Not Connected Tent Inals. The following AOC connector 
k$l and DSKY connector J9 pins are provided as spare and NC terminals* 

Connector A£l Connector J9 Signal Designation 

Pin_Numbers_Pin Nunbers_ 


115 

75 

V-Z10 

SPARE 

- 

7li 

w-ns 

SPARE 

116 

73 

W-2U1 

SPARE 

- 

13 

H-2b6 

SPARE 

- 

3U(N) 

SD326 

SPARE 

- 

37(H) 

S0326 

SPARE 

- 

56(H) 

SDtiUi 

SPARE 

- 

3U(H) 

SUili$ 

SPARE 

Ha 

- 

A-6f9 

NC 

lliO 

- 

A-660 

NC 

l v 

• 

RD075 

V7/6fi/ 

_ 

• 

—908 

_ 

U13 

- 

CB028 

NC 
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3.1.11 Bonding Continuity. Die resistance Measured between the 
items listed in Table 3-16 shall not exceed the value specified in 
Table 3-16. 



TABLE 3-16 


From 

12 

Resistance 

Tray B Cover 
(Magnesium Surface) 

Tray A Cover 

- (Magnesium Surface) - 

20 milliohms 

Tray A 

(Brass to Magnesium 
Surface) 

- Mid Spacer 

(Magnesium Surface) 

20 milliohms 

Tray B Cover 
(Magnesium Surface) 

- Baby Tray - 

(Screw to helicoil 
to Magnesium Sur¬ 
face) 

30 milliohms 

3.1.12 Transient Susceptibility. With ths computer exercised by 
a rope program and with transient voltage spikes, as specified below, 
applied to the positive and negative 28 volt input power lines of the 


computer; there shall be no evidence of transient susceptibility. 
Transient Voltage Spikes 

(Output of Test Circuitry Prior to Application to 28 Volt lines) 


Amplitude 
Pulse Width 

Pulse Rate 
Rise Time 
Polarity 

3.2 PRODUCT CONFIGURATION 


50 ± 2 volts 

10.0 ± 4.0 usee at the 5 volt 

level 

10 pps 

1 usee max (10% to 90%) 
Positive 


3.2.1 Drawings. The configuration of the assembly shall be in 
accordance with Apollo G&N drawing 2003993-011 and all drawings and 
engineering data referenced thereon. 


3.2.2 Weight. The weight of the computer and DSKY shall be measured 
and recorded. 


4. QUALITY ASSURANCE PROVISIONS 

4.1 GENERAL. The contractor responsible for the manufacture of 

the assembly shall be responsible for the accomplishment of each test 
required herein. See Table 4-1, Product Performance and Configuration 
Requirements/Quality Verification Cross Reference Index. 


82 



APOLLO G&N Specifications 
PS 2016007 

Rev - __ 


Requirement JDC 

3.1 - v - 05364 

3/L.l.l 05365 

05345 

3.1.1.1.1 05344 

3.1.1.1.2 05345 

3.1.1.1.3 05345 

3.1.1.1.1i 05357 

3.1.1.2 05351 

3.1.1.3 N/A 

3.1.1. U 05346 

3.1.1.1ul N/A 

3.1.1.5 05346 

3.1.1.6 05381 

3.1.1.7 ' 05382 

3.1.1.7.1%^ 05354 

3.1.1.7.2 05356 

3.1.1. B 05376 

3.1.1.9 05376 

3.1.1.9.1 05347 

05376 


TABLE lt-1 
Requlrient JDC 

3.1.1.9.1.1 05376 

3.1.1.9.1.2 05376 

3.1.1.9.1.3 05376 

3.1.1.9.1.1 05376 

3.1.1.9.1.5 05376 

3.1.1.9.2 05347 

05376 

3.1.1.9.2.1 05376 

3.1.1.9.2.2 05376 

3.1.1.9.2.3 05376 

3.1.1.9.2.U 05376 

3.1.1.9.2.5 05376 

3.1,1,9«2.6 05376 

3.1.1.9.3 05347 
05376 

3.1.1.9.3.1 05376 

3.1.1.9.3.2 05376 

3.1.1.9.3.3 05376 

3.1.1.9.3.I* 05376 

05348 

3.1.1.9.li 05376 


Requirement 

JDC 

3.1.1.9.li.l 

05376 

3.1.1.9.li.? 

05376 

3.1.1.9.5 -r; 

05348 
‘ 05376 

3.1.1.9.5.1 

05376 

3.I.I.9.5.? 

05376 

3.1.1.9.6 

05347 

05376 

3.1.1.9.6.1 

05376 

3.1.1.9.6.2 

05376 

3.1.1.9.6.3 

05376 

3.1.1.9.6.b 

05376 

3.1.1.9.6.5 

05376 

3.1.1.9.6.6 

05376 

.05348 
3.1.1.9.7 —05376 

3 . 1 . 1 . 9 . 7.1 

05376 

3.1.1.9.7.2 

05376 

3.1.1.9.7,3 

05376 

3 . 1 . 1 . 9.8 

05376 
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4.1 


Requirement 

JDC 

3.1.1.9.8.1 

05376 

3.1.1.9.8.2 

05376 

3.1.1.9.8.3 

05376 

3.1.1.9.8.V 

05376 

3.1.1.9.9 

05376 

3.1.1.9.10 

05376 

3.1.1.9.10.1 

05376 

3.I.I.9.U 

05376 

3.1.1.9.11.1 

05376 

3.1.1.9.11.2 

05376 

3.1.1.9.11.3 

05376 

3.1.1.9.11.4 

05376 

3.1.1.9.U.5 

05376 

3.1.1.9.11.6 

05376 

3.1.1.9.11.7 

05376 

3.1.1.9.11.8 

05376 

3.1.1.9.U.9 

05376 

3.1.1.9.11.10 

05376 

3.1.1.9.12 

05376 

3.1.1.9.12.1 

05376 

3.1.1.9.12.2 

05376 

3.1.1.9.13 

05376 

3.1.1.9.13.1 

05376 


TABLE 4-1 (Oont'd) 


Requirement 

JDC 

3.1.1.9.13.2 

05376 

3.1.1.9.U.3 

05376 

3.1.1.9.1V 

05376 

3.1.1.9.1V.1 

05376 

3.I.I.9.1V.2 

05376 

3.1.1.9.1 1 *.3 

05376 

3.1.1.9.1V.V 

05376 

3.1.1.9.15 

05376 

3.1.1.9.15.1 

05376 

3.1.1.9.15.2 

05376 

3.1.1.9.15.3 

05376 

3.1.1.9.15.V 

05376 

3.1.1.9.15.5 

05376 

3.1.1.9.15.6 

05376 

3.1.1.9.15.7 

05376 

3 .I.I. 9.16 

05376 

3.1.1.9.16.1 

05376 

3.1.1.9.16.2 

05376 

3.1.1.9.16.3 

05376 

3.1.1.9.16.V 

05376 

3.1.1.9.16.5 

05376 

3.1.1.10 

3.1.1.10.1 

05349 

05376 

05375 

05376 


Requirement 

JDC 

3.1.1.11 

05349 

05376 

3.1.1.11.1 

05376 

3.1.1.12 

05376 

3.1.1.12.1 

05376 

3.1.1.13 

05376 

3.1.1.14 

05362 

3.1.1.14.1 

05362 

3.1.1.14.2 

05362 

3.1.1.14.3 

05362 

3.1.1.14.4 

05376 

3.1.1.14.5 

05373 

3.1.1.14.6 

05384 

3.1.1.15 

05376 

3.1.1.15.1 ' 

05376 

3.1.1.15.2 

05376 

3.1.1.15.3 

05376 

3.1.1.15.4 

05376 

3.1.1.15.5 

05376 

3.1.1.15.6 

05376 

3.1.1.15.7"^ 

05350 

3.1.1.15.8 

05376- 

05376 

3.1.1.15.9 ' 

05376 

3.1.1.15.10 

05376 

* 
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TABU I»-l (Cont'd) 






. 


Requirement 

JDC 

Requireaient 

JDC 

Requirement 

JDC 

3.1.1.15.11 

05376 

3.1.1.17 -t; 

05356 

3*1.1.20.3.2 

05376 

3.1.1.15.12 

05376 

3.1.18 —^ 

05376 

05361 

3.1.1.20.3.1 

05376 

3.1.1.15.13 

05376 

05376 



3.1.1.19 

05378 

3.1.1.20.b 

05376 




05354 



3.1.1.15.1b 

05376 

3.1.1.20 

05377 

3.1.1.20.b.l 

05376 

3.1.1.15.15 — 

05361 

05378 

3.1.1,20.1 

.05377 

3.1.1.20.b.1.2 

05376 

3.1.1.15.16 

05378 

3.1.1.20.1.1 

05377 

3.1.1.20.b.l.3 

05376 

3.1.1.15.17 

05378 

3.1.1.20.1.2 

05377 

3.1.1.20.b.l.b 

05376 

3.1.1.15.18 

05378 

3.1.1.20.1.3 

05377 

3.1.1.20.b.2 

05376 

3.1.1.15.19 —* 

3.1.1.16 

05376 

05353 

3.1.1.20.1.b 

05377 

3.1.1.20.b.2.1 

05359 

M/A 

. 3.1.1.20.1.5 

05377 

3.1.1.20.b.2.2 

05359 

3.1.1.16.1 

S/A 

3.1.1.20.1.6 

05377 

3.1.1.20.b.2.3 

05359 

3.1.1.16.2 

M/A 

3.1.1.20.1.7 

05377 

3.1.1.20.5 

05359 

3.1.1.16.3 

N/A 

3.1.1.20.1.8 

05377 

3.1.1.20.6 

05372 

3.1.1.160 

N/A 

3.1.1.20.1.9 

05377, 

3.1.1.20.6.1 ■ 

05376 

05376 

3.1.1.16.5 ' 

N/A 

3.1.1.20.1.10 

05377 

3.1.1.20.6.1.1 

05376 

3.1.1.16.6 

N/A 

3.1.1.20.1.11 

05377 

3.1.1.20.6.1.9 

05376 

3.1.1.16.7 

N/A 

3.1.1.20.2 

05360 

3.1.1.20.6.1.3 

05376 

3.1.1.16.8 

N/A 

3.1.1.20.2.1 

05376 

05376 

3.1.1.20.6.2 ' 

05376 

3.1.1.16.9 

N/A 

3.1.1.20.2.2 

05376 

3.I.X. 26". 6.2.1 

05376 

3.1.1.16.10 

N/A 

3.1.1.20.2.3 

05376 

3.1.1.20.6.2.2 

053 76T 

3.1.1.16.11 

H/A 

3.1.1.20.2.b 

05376 

3.1.1.20.6.2.3 ' 

05376 

3.1.1.16.1b ' 

N/A 

3.1.1.20.2.5 

05376 

30.1.20,6.3 

05376 

3.1.1.16.15 

N/A 

3.1.1.20.3 

05376 

3.1.1.20.6.b 

05376 

3.1.1.16.16 

N/A 

3.1.1.20.3.1 

05376 

3.1.1.20.60.1 

05376 


05376 
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Requirement 

JDC 

Requirement 

JDC 

Requirement 

JDC 

3.1.1.20.6.4.3* 05372 

3.1,l.».e.l.3 

05376 

3.1.1.20.8.7.3 

05376 


05376 



3.1.1.20.6.5 

05376 

3.1*1.20.8.2 

05376 

3 . 1 . 1 . 20 . 8.8 

05376 

3.1.1.20.6.5.1 

05376 

3 . 1 . 1 . 20 . 8 . 2.1 

05376 

3 . 1 . 1 . 20 . 8 . 8.1 

05376 

3.1.1.20.6.5.2 

05376 

3 . 1 . 1 . 20 . 8 . 2.2 

05376 

3 . 1 . 1 . 20 . 8 . 8.2 

05376 

3.1.1.20.6.5.3 

05376 

3.1.1.20.8.2.3 

05376 

3 . 1 . 1 . 20 . 8 . 8.3 

05376 

3 . 1 . 1 . 20 . 6.6 

05376 

3.1.1.20.8.3 

05376 

3.1.1.20.8.9 

05376 

3.1.1.20.7 

05352 

05376 

3.1.1.20.8.3,1 

05376 

*.1.1.20.8.9.1 

05376 

3.1.1.20.7.1 

05376 

3.1.1.20.8.3.2 

05376 

3 . 1 . 1 . 20 . 8 . 9.2 

05376 

3.1.1.20.7.1.1 

05376 

3.1.1.20.8.3.3 

05376 

3 . 1 . 1 . 20 . 8.10 

05376 

3.1.1.20.7.1.2 

05376 

3.1.1.20.8.4 

05376 

3 . 1 . 1 . 20 . 8 . 10.1 

05376 

3.1.1.20.7.2 

05376 

3.1.1.20.8.4.1 

05376 

3 . 1 . 1 . 20 . 8 . 10.2 

05376 

3 . 1 . 1 . 20 . 7 . 2.1 

05376 

3.1.1.20.8.4.2 

05376 

3 . 1 . 1 . 20 . 8.11 

05376 

3.1.1.20.7.2.2 

05376 

3.1.1.20.8.4.3 

05376 

3 . 1 . 1 . 20 . 8 . 11.1 

05376 

3.1.1.20.7.3 

05376 

3 . 1 . 1 . 20 . 8.5 

05376 

3 . 1 . 1 . 20 . 8 . 11.2 

05376 

3.1.1.20.7.3.1 

05376 

3.1.1.20.8.5a 

05376 

3.1.1.20.9 

05376 

3.1.1.20.7.4 

05376 

3.1.1.20.8.5.2- 

05376 

3.1.1.21 

05353 

3.1.1.20.7.4.1 

05376 

3.1.1.20.8.5.3 ’ 

05376 

3.1.1.22 

05376 

05378 

3.1.1.20.7.5 

05376 

3 . 1 . 1 . 20 . 8.6 

05376 

3.1.1.22.1 

05384 

05384 

3.1.1.20.7.5.1 

05376 

3 . 1 . 1 . 20 . 8 . 6.1 • 

05376 

3.1.1. 22.2 

05384 

3.1.1.20.7.5.2 

05376 

3 . 1 . 1 . 20 . 8 . 6.2 

05376 

3.1.1.22.3 

05384 ^ 

3*1.1.20.6 ^ 

05355 

3.1.1.20.8.6.3 

05376 

3.1.1.52.4 

05384 

3 . 1 . 1 . 20 . 8.1 ^ 

05376 

3.1.1.20.8.7 

05376 

3.1.1.22.5 

05384 

3 . 1 . 1 . 20 . 8 . 1.1 

05376 

05376 

3.1.1.20.8.7.1 

05376 

3 . 1 . 1 . 22.6 

05384 

3 . 1 . 1 . 20 . 8 . 1.2 

05376 

3 . 1 . 1 . 20 . 8 . 7.2 

05376 

3.1.1.22.7 

05384 
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Requirwent 

JDC 

Requlment 

JDC 

Requirement 

JDC 

3.1.1.22.8 

05384 

ja.i.a.i 

05362 

3.1.3 

05374 

3.1.1.22.9 

05384 

3.1.1.2i».? 

05383 

05383 

3.1.1i 

05391 

3.1.1.22.10 

05384 

3.1.1.85 

05378 

3.1.1.1 

05391 

3.1.1.2J 

05376 

3.1.1.26 

05386 

3.1.1i.2 

05391 


05380 





3.1.1.23.1 

05380 



3.1.1i.3 

05391 



3.1.2.1 - 

05344 



3.1.1.23.2 

05380 

.. - 

05345 

3.1.1.U i 

1 05391 



. 3.1.2.1.1 

05345 * 



3.1.1.23.3 

05380 



3*1.5 

05367 



3.1.2.1.; 

05344 



3.1.1. 23 Ji 

05380 



3.1.6 

05368 



3.1.2.2 - 

05379 



3.1.1.23.5 

05380 



3.1.7 

05371 * 


• 

3.1.2.3 

M/A 



3.1.1.23.6 

05369 



3.1.8 

05366 » 



3.1.2.li 

M/A : 



3.1.1.23.7 

05362 



,3.1.9 ‘ 

, 05366 » 


05357 

3.1.2.5 

M/A • 


t 

3.1.1.23.8 

05358 

3.1.2.6 

M/A 

3.1.10 ' 

W/A 

3.1.1.23.9 

05358 

3.1.2.7 

H/A 

3.1.11 

05390 





3.1.12 

05394 

3.1.1.23.9.1 

05358 

3.1.2.8 

M/A 



3.1.1.23.9.2 

05358 

3.1.2.9 

H/A 

3.2.1 

05363 





3.2.2 

05365 

3.1.1.2b 

05376 

3.1.2.10 

M/A 




05362 
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4.1.1 


Teat Conditions 


4.1.1.1 Environmental. The assesfely shall be tested under the 

following ambient conditional 


a. Temperature! 

b. Relative Humiditys 

c. Barometric Pressure! 



25° ± 10°e^ 

90% max \v \ 

28 to 32 inches of Hg 


4.1.2 Ronconforming Units. Failure of the unit to pass any 
examination or test of this specification shall automatically classi¬ 
fy the unit as nonconforming. Each nonconforming unit corrected by 
the contractor shall be reinspected* Reinspection may be limited to 
the test or examination tftiich defined the nonconformance, or. When 
directed by the cognizant inspector, a complete retest and re-exaai- 
n at ion may be required, nonconforming units tdiich have not been 
corrected will be considered for acceptance only upon formal applica¬ 
tion by the contractor to the cognizant NASA representative. Any 
module replaced during testing shall have operated in the system under 
test for not less than fifty hours, shall be thermal cycled, and 
vibrated and the assembly shall be leak tested prior to final acceptance. 


4.2 TESTS/VERIFICATIONS 


4.2.1 Drawing Compliance. The assembly shall be visually examined 

for compliance to the requirements of APOLLO G&N Drawing 2003991. • 

Particular attention shall be given to inspection for dosage to surfaces, 
structure, and equipment, including contaminants, pin misalignment, 

and legibility and appearance of marking. 

4.2.2 Acceptance Tests. All tests shall be performed using the 
JDC's listed herein in the order specified in the Assembly Test Plan 
as follows! 
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05343 

Equipment Set-Up 


05344 

Equipment Power Turn-On 


05345 

Computer Power Turn-On 

« 

05346 

AGC Clock Stability 


05347 

Central Registers Test 


05348 

Bank Registers Test 


05349 

Interrupt Registers Test 


05350 

Peripheral Channel-Instruction Test 


05351 

Marginal Voltage Test 


05352 

Radar Signal Measurements 


05353 

Downlink Signal Measurements 


05354 

Continuous Signal Characteristics 


05355 

Programmed Signal Characteristics Test 


05356 

C and RD Signals Test 


05357 

AGC Power Fail 


05358 

Scaler Double Frequency and Oscillator Alarm Test 

05359 

Hand Controller Test 


05360 

Input Counters Marginal Test 


05361 

Channel Inbits Marginal Test 


05362 

GoJam Initialization Test 


05363 

AGC Mechanical Inspection 


05364 

AGC Subsystem Visual Inspection 


05365 

Weight Measurement 


05366 

Long Term Aging 


05367 

Thermal Cycling Test 


05368 

Vibration Test-AGC (Random) 


05369 

PIPA Fail Test 


05370 

Voltage Variation Program Fail Test 


05371 

Leak Test 

. 

05372 

Inlink Margin Test 


05373 

Increments Priority/Basic Instruction Test 


05374 

Marginal Frequency-Voltage and Thermal Test 


05375 

Worst Case Noise Erasable Memory Test 


05376 

Automatic Newspeak Test 


05377 

Timing Test 


05378 

Channel 30, 31, and 32 Test 


05379 

DSKY Test (Indicators and Keyboard) 


05380 

Alarms Test 


05381 

Scaler Test (24 hours) 


05382 

Standby - E Memory Test 


05383 

Warning Filter Alarm Test 


05384 

Priority of Interrupts 

* 

05385 

DSKY Spacecraft Signals 


05386 

Monitor Signals Test 


05387 

Vibration Test-DSKY 


05388 

CTS Control of Newspeak 


05389 

AGC Input Drivers Signal Measurements 


05390 

Bonding Continuity Measurements 


05391 

Erasable Memory Capacitor Selection 


05392 

logic Signal Measurements 


05393 

DSKY Test Data 


05394 

Transient Voltage Test 
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4..?.3 rRCORW VW.l'V'.\¥, The following information is supplied ar a further 
explanation of the Program Newspeak JI)C*s 05375 thrii 05386, and 05388. 

4.2.3.1 Bramble Memory Check* (Ref. Paragraph 3.1*1.3)« 

4,\R.1.1 Registers A, !, and •' are tested using both positive and negative 
numbers. Multiplication is used to check that the low order product, in I- is 
generated eon-eotly. The ' register is checked by addition and subtraction ir 
♦•ell a-, by checking for correct return addresses when the TO instructions ar> • 
utili-ed. 

4.’.3.1.2 Test ARUfT and FRUFT registers for proper loading. 

l> .2.3.1.3 Registers CYI and CYR are tested by loading with + 0 and cycling 
15 times to assure that no bits are either dropped or picked""up. Those 
registers are then loaded with negative full scale (40000) and cycled 17 ti:n.:S 
to assure proper cycling and end around earry. 

The f?R register is checked for propagation of the sign bit and for shifting 
of a one in the MSB to LSB. This register is also checked with + i-. 

The ED0P register is first checked with negative *ero and then with a loop 
that loads a moving one starting with negative full scale down a plus one. 

4.2.3.1.4 Test Erasable Banks 0, 1 and 2 by Register and Absolute /address. 

This test checks that the same locations in erasable banks 0, 1 and 2 can 
be addressed by either specifying the actual address or by erasable tank 
register and an S-register value above 1400 octal. 

4.2.3.1.5 Test Erasable Bank 0 

To penit testing of bank C the contents must be placed in erasable bank 1. 

A checksum of tank C is taken before the contents are transferred to bank 1 
and again when it is restored to its previous state. 

The following tests performed on erasable tanks 1 through 7 are done separately 
on erasable tank 0 after the contents of tank C are placed in bank 1. The 
starting address of bank 0 is 0060. 

a. All locations arc loaded vith all ones and all seroes and checked. 

b. All locations are loaded with s moving one and moving aero pattern -and 
checked. 

c. Fuir checkerboards are loaded and checked — 52525 ®nd 75252 and oorosite 
also 67146 and 14631 and opposite. 

d. 7ach location is loaded with its own bank number and ^-register address 
and checked. 


n 
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4.2.3.2 Transfer Control Tests (Ref. Paragraph 3.1.1.5) 

The TC instruction is checked for proper operation from fixed memory, from 
A and ^ registers and also from erasable memory. This instruction is also 
checked for proper loading of 4 register. The TCP instruction is checked 
for proper transfer in fixed memory and also for non-disturb of the 4 , register. 

4.2.3.3 CA, TS and AD Test (Ref. Paragraph 3.1.1.5) 

This test checks CA from both fixed and erasable memories for ♦ 0 and + numbers. 
It.also checks that CA does not disturb the 2 memory location used. This tent 
also checks TS for ♦ 0 and + numbers and checks that no skip occurs for non 
overflow in these cases. AD is checked for ♦ 0 and + numbers from erasable 
memory. "" ” 


4.2.3.4 CA and CCS Test (Ref. Paragraph 3.1.1.5) 

This test checks the CCS instruction for proper transfer using + 0 and + 
numbers including +1. It also checks that the proper diminished absolute 
value is generated in these cases. 

•'j.2.3.5 TS test with Overflow (Ref. Paragraph 3.1.1.5) 

This test checks that OVSK (TS A) results in a TC +2 if the number in A 
contains overflow. It also checks that the accumulator contains the proper 
result after the OVSK. This test also checks AD from fixed memory for + 0 
and + numbers. * 

,J .2.3.6 Check of CCS for Decrementing (Ref. Paragraph 3.1.1.5) 

This test uses the CCS instruction to decrement a number from negative full 
scale to positive zero simultaneously incrementing an erasable memory location. 
..hen the CCS results in +0 the erasable counter is checked for positive full 
scale. 

4.2.3.? Check AD using moving one loop (Ref. Paragraph 3.1.1.5) 

The AD instruction is checked using a loop that generates a moving one from 
the L33 to the MSB. 

4.2.3.3 Check AD using propagate one loop (Ref. Paragraph 3.1.1.5) 

The AD instruction is checked using a loop that propagates a one from the 
LSP to the MSB. 

4.2.3.9 LXCH Test (Ref. Paragraph 3.1.1.5) 

L V CF is checked for positive and negative numbers both from erasable memory 
and from the Special and Central (3 & C) registers. 
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4.2.3.10 YCH Test (Ref. P*ra*r»oh 3.1.1.5) 

The XCH instruction is cheeked using positive end negative numbers in both 
erasable and speeial and central registers* 

**.2.3.11 MASK Test (Ref. Paragraph 3*1.1.5) 

The MASK instruction is cheeked for proper operation from fixed and erasable 
memories and fr^m Special and Central registers. The liASK instruction is also 
checked for no edit from the editing registers. 

4.2.3.12 CS Test (Ref. Paragraph 3.1.1.5) 

The CS instruction is checked from fixed and erasable memory using ♦ 0 and 
+ full scale. This instruction is also checked using special and central 
registers. 

4.2.3.13 INDEX Test (Ref. Paragraph 3.1.1.5) 

This instruction is checked for erasable memory and for special and central 
registers. This instruction is checked further in the index generaU*n o'* 
instructions. 

4.2.3.14 INCR Test (Ref. Paragraph 3J..1.5) 

The INCR instruction is checked by a loop that increments a memory location 
from negative full scale to positive full scale and keeping the same count 
in A. When an overflow occurs in A the incremented location is checked for 
positive full scale. The instruction is also checked for producing overflow in * 


4.2.3.15 D7CH Test (Ref. Paragraph 3.1.1.5) 

D^CH is checked using both positive and negative numbers in special and 
erasable locations. The following table reflects the signs of each of 
six combinations of numbers utilized in the test. 


A 

L 

Erasable Hi 

Erasable Low 

008 

neg 

neg 

pos 

pos 

pos 

+0 

pos 

nos 

pos 

pos 

pos 

neg 

neg 

neg 

neg 

neg 

pos 

neg 

pos 

neg 

neg 

pos 

neg 
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'1,2.3.16 DAS and AS Teat (Ref. Paragraph 3.1.1.5) . 

The DAS test uses both positive and negative numbers in special and erasable 
locations to produce overflow and underflow in both high and low order sums* 


The follo*»inr table reflects the signs of the arguments, the high and low crier 
sums and the overflow or underflow produced. 


A 

L 

Erasable 

Hi 

Erasable 
Low. , 

Pi ans 

Low -*ns 


pos 

neg 

neg 

pos 

77777 

77777 


pos 

pos 

pos 

POS 

00000 - CFL0 

00000 - 


pos 

pos 

pos 

pos 

25252 

25252 


neg 

neg 

neg 

neg 

65252 - UFLO 

65300 - 

UFV 

neg 

pos 

nog 

pos 

77776 

37776 - 

1 -IjO 

neg 

neg 

poa 

neg 

12345 

34321 


The Add 

to ! 

itorage test ranges from positive full scale to negative full 

scale 


to check for both overflow and underflow conditions. In addition the i-regiator 
is also checked for duplication of the A-register in the overflow condition. 

4.2.3.17 B2F Test (Ref. Paragraph 3.1.1.5) 

Check that a branch is made on +0 numbers. Also check that no branch recurs 
on + numbers with and without overflow. Check that no branch occurs on a 
moving bit going from the LSB to the MSB, including a check on the negative 
of each number. 

4.2.3.18 B2MF Test (Ref. Paragraph 3.1.1.5) 

Check that a branch is made on +0 and -numbers with and without overflow. 

Check that no branch occurs on positive numbers with overflow. 

4.2.3.1^ DCA Tests (Ref. Paragraph 3.1.1.5) 

Check that instruction will put correct values in to A and L when accessing 
fi'ed, erasable, and special and central memory, including a DCA L. Numbers 
used are combinations of +,+ including zero cases and overflow in j. when 
d^ing a DCA L. ’/hen accessing erasable memory, a check is made to insure 
that the locations used did not change values. 

4.2.3.20 DCS Test (Ref. Paragraph 3.1.1.5) 

Check that instruction will put correct values in to A and I when accessing 
fixed, erasable, and special and central nenory, including a DCS L. Numbers 
used are combinations of + + including zero cases and overflow in 0 , when 
doing a DCS I„ ihen accessing erasable memory, a check is made to insure 
that the locations used did not change values, 

4.2.3.21 MSU Test (Ref. Paragraph 3.1.1.5) 

Check all four combinations of modular subtraction using + numbers on both 
special and central and erasable memory. Also check the case where the answer 
is an overflow uncorrected number. 



APOLLO GiN Specification 
PS 2016007 

Rev "_ 

4.2.3.17 BZF Teat (Ref. paragraph 3.1.1.5) Check that a branch 
is made on +0 numbers. Also check that no branch occurs on ♦ numbers 
with and without overflow. Check that no branch occurs on a moving 
bit going from the LSB to the MSB, including a check on the negative 
of each number. 

4.2.3.18 BZMF Test (Ref. paragraph 3.1.1.5) Check that a branch 
is made on ±0 and -numbers with and without overflow. Check that no 
branch occurs on positive numbers with overflow. 

4.2.3.19 DCA Tests (Ref. paragraph 3.1.1.5) Check that instruction 
will*put correct values in to A and L when accessing fixed, erasable, 
and special and central memory, including a DCA L. Numbers used are 
combinations of ♦ including sero cases and overflow in Q when 
doing a DCA L. When accessing erasable memory, a check is made to 
insure that the locations used did not change values. 

4.2.3.20 DCS Tests (Ref. paragraph 3.1.1.5) Check that instruction 
will put correct values in to A and L when accessing fixed, erasable, 
and special and central memory, including a DCS L. Numbers used are 
combinations of I, I including xero cases and overflow in Q when 
doing a DCS L. When accessing erasable memory, a check is made to 
insure that the locations used did not change values. 

4.2.3.21 MSO Test (Ref. paragraph 3.1.1.5) Check all four com¬ 
binations of modular subtraction using ♦ numbers on both special and 
central and erasable memory. Also checlt the case where the answer is 
an overflow uncorrected number. 

4.2.3.22 QXCH Test (Ref. paragraph 3.1.1.5) Check this instruction 
by using ♦ ) and ♦ numbers, with and without overflow when doing 

QXCH A an? QXCH L7 

4.2.3.23 SO Test (Ref. paragraph 3.1.1.5) A check is made for 
correct subtraction by propagating a one from the LSB to the MSB. 

4.2.3.24 AUG Test (Ref. paragraph 3.1.1.5) Check that AUG works 
properly on + and +0 numbers in both erasable and special and central 
memory, including generation of overflow in the A-register. 

4.2.3.25 DIM Test (Ref. paragraph 3.1.1.5) Check that DIM works 

properly on ♦ and +0 numbers in both erasable and special and central 
memory• * 

4.2.3.26 INDEX Test (Ref. paragraph 3.1.1.5) Check that the extra 
code index does not reset the extra code switch, that more than one 
index may be performed before the extra code switch is reset, use 

♦ and +0 numbers, check that the instruction can use fixed, erasable, 
and special and central memory , and also check that erasable and special 
and central memory location used are not changed by the index instruc¬ 
tion. 
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4.2.3.27 MP Test (Ref. paragraph 3.1.1.5) Multiply combinations 
of ♦ and +0 numbers from fixed, erasable, and special and central mem- 
oryT checking that the final results are coreedt and the erasable 
memory multipliers are not lost during the multiply. 

4.2.3.28 DIVIDE Test (Ref. paragraph 3.1.1.5) Divide combinations 
of +, + 0 and + , +0 double precision numbers by ♦ numbers checking 
for”the correct results. Division is made from erasable and «P«cial 
and central checking that the divisor is not changed during the divi¬ 
sion. 


4.2.3.29 READ Test (Ref. paragraph 3.1.1.5) Load L and Q with 
+ 0 amd ♦ overflow numbers and check that proper results are read 
out while not destroying contents of L and Q. 


4.2.3.30 WRITE Test (REf. paragraph 3.1.1.5) Write ♦ 0 and ♦ 
overflow numbers into L and Q. Check that write did not change A 
and that proper contents were stored in L and Q. 


4.2.3.31 RAND Test (Ref. Paragraph 3.1.1.5) Load L and Q with 
alternating bit pattern and check RAND instruction when A has reverse 
alternating bit pattern and NZ. Also load L and Q with ± overflow 
numbers and check RAND instruction when A has NZ. L and Q are checked 
after each RAND to insure they have not been destroyed. 


4.2.3.32 WAND Test (Ref. paragraph 3.1.1.5) WAND instruction checked 
by writing 52525, 25252, ♦ 0, ♦ overflow numbers into L and Q and 
checking for correct contents of A after the instruction. 


4.2.3.33 ROR Test (Ref. paragraph 3.1.1.5) Check ROR instruction 
by loading L and Q with alternating bit patterns and ♦ overflow numbers 
and checking the contents of A, L and Q after the ROR instruction has 
been performed. 


4.2.3.34 WOR Test (Ref. paragraph 3.1.1.5) Check WOR instruction 
by loading L and Q with + 0 and write alternate bit patterns PFS and 
4* overflow numbers checking A, L and Q after each write. 

4.2.3.35 RXOR Test (REf. paragraph 3.1.1.5) Check RXOR instruc¬ 
tion by loading L and Q with NZ and + overflow numbers and after each 
read checking contents of A, L and Q. 


4.2.3.36 Checksum (Ref. paragraph 3.1.1.4) This routine takes 
a double precision checksum of any or all of the six modules as 
specified by the user and checks the sum against pre-stored values 
on the module level. 


4.2.3.37 Check that Time 3 overflow causes an interrupt, by 
presetting only time 4 to overflow in a short period of time. (Ref. 
paragraph 3.1.1.9) 

4.2.3.38 Check that Time 4 overflow causes an interrupt, by pre¬ 
setting only time 4 to overflow in a short period of time. (Ref. 
paragraph 3.1.1.9) 
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4.2.3.39 EDRUPTN (Ref. paragraph 3.1.1.5) Check that EDRUPT 
will transfer control to the A-register if no interrupt has been 
requested. 


4.2.3.40 NORUPTN (Ref. paragraph 3.1.1.6) Check that no interrupts 

occurring will cause a gojam within a 140-300 ns period. I 

4.2.3.41 RUPTLOCN (Ref. paragraph 3.1.1.6) Check that inhibiting 1 

interrupts for too long will cause an interrupt during a 140-300 ms j 

period. * 

* 

4.2.X.42 RELINT3N (Ref. paragraph 3.1.1.6) Check that INHINT and \ 

RELINT work by causing an interrupt while inhinting and then relinting. | 

4.2.3.43 PRIORN (Ref. paragraph 3.1.1.9) Basic check of priority j 

circuit by catling a Time 3 and Time 4 interrupt while inhibiting 1 

interrupts, and check the order of execution after a RELINT has been * 

performed. i 

4.2.3. 44 XPARN (Ref. paragraph 3.1.1.6) Check that 13 words of 

bad parity will each case a gojam. . 

4.2.3.45 ALLPARN (Ref. paragraph 3.1.1.7) Nrite all bit com- ; 

binations into one location and check that no bad parity occurs. * 

4.2.3.46 INRUPTN (Ref. paragraph 3.1.1.6) Do not resume from a 
Time 6 interrupt and check that a gojam occurs within a 140-300 

ms period. 

4.2.3.47 TCA Trap Test (Ref. paragraph 3.1.1.6) Check that ' 

executing a TC or TCP loop will cause a go jam within a 5-15 ms period. 


4.2.3.48 NTWTCHMAN (Ref. paragraph 3.1.1.6) Check that not accessing i 
location 0067 within a .64-1.92 sec. period will cause a go jam. 

4.2.3.49 SELF Test (Ref. paragraph 3.1.1.5) | 

4.2.3.50 I/O STARTP (Ref. paragraph 3.1.1.8) This test is designed 
to check the decoding circuitry of downlink channels 34 and 35. 

Before describing the.-actual test performed to insure that this is 1 

doen properly, a brief discription of the circuitry involved will be I 

given. 8 


In essence the downlink circuitry consists of 2 channels, j 
34 and 35, which contain the information to be transmitted. A'five- i 

stage counter, whose outputs are decoded to gate out one bit of ft 

information at a time. A signal, DKBSNC, enables the output data to 
be transmitted and causes the 5-stage counter to be "incremented.” I 

Another signal, DKSTRT, resets the five-stage counter. I 

Bit 7 of channel 13 may best be described by saying that 
it functions as a "flag bit" for the downlink data and is gated out 
by signal DKBSNC when the five-stage counter is in the sero state, 
that is, reset. | 


1 
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4.2.3.50 cont. 


The output* from the five-stage counter are decoded and 
function a* follows* 

Stages 4 and 5 divide channel 34 and 35 into four 8 bit 
sections. Stages 1, 2, and 3 are decoded and enable a single bit 
from an 8 bit section to be transmitted. 

- Por clarity it will be stated that bit 16 is the first 
bit transmitted from a channel while the parity bit is the last bit 
transmitted. Channel 34 is transmitted before channel 35. 

Following is a list of interface connections used to 
generate the required downlink signals* 

GYRRST causes DKSTRT which resets the 5-stage counter 

GYRSET causes DKBSNC which steps the counter 

DKDATA causes XLINKl which allows the downlink output 
bits to be stored in counter 45. 


GYRRST and GYRSET are controlled by bit 10 of channel 
14 and the contents of out counter 47. The number of times signal 
GYRSET is generated is determined by the contents of counter 47. 
Signal GYRRST is generated whenever GYRSET is not. Both occur at a 
frequency of 3200 cps. 


Following i. a list of 

checks performed within this 

to insure proper decoding: 

iBITSYNC'S 


C (34) C<35) 

Generated 

C (45) 

00177 77777 

9 

00000 


The above test proves that only one of the four 8 bit 
sections is active and that it is the proper one. 


37600 

17600 

07600 


77777 

77777 

77777 


00000 

00000 

00000 


These three tests plus the first test of the next group 
are sufficient to prove that multiple decoding is not present within 


40000 

77777 

37600 

77777 

17600 

77777 

07600 

77777 

03600 

77777 

01600 

*77777 

00600 

77777 

00200 

77777 

The above eight 4 


00001 

00001 

00001 

00001 

00001 

00001 

00001 

00001 


states is capable of gating a data bit out of channel 34. 
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4.2.3.50 cont. 


*10000 

77777 

17 

00000 

t 

10100 

*10177 

25 

00000 


10100 

*10000 

33 . 

00000 



The above three teste prove that the remaining three states 
of stages 4 and 5 are getting decoded properly and activate the 
proper 8 bit section. 


*40177 

10000 

17 

00377 (eight puls* 

*40000 

77600 

25 

00377 

40000 

*40177 

33 

00377 


These three tests show that each of the bits within an 
• bit section is capable of being transmitted. 

♦The input to counter 45 is inhibited until the position being in¬ 
terrogated is beyond this point. 

The last check performed in this section is set channel 
34 and 35 to zero, set bit 7 of channel 13 to a one and generate 
two BITSYNC pulses. Counter 45 is checked for 1 pulse, if this 
test is successful bit 7 of channel 13 is functioning properly. 

4.2.3.51 X/0 STPIP (Ref. paragraph 3.1.1.8) The purpose of 

this test is to check the GYRO signals controlled by channel 14, 
bits 7 through 10, and the associated circuitry of PIPA counters 37, 
40 and 41. 

The following interface connections are made in order 
to accomplish this tests 


Load CH. 

14 

Generate 

Causes Counter 

10 

9 

8 

7 

Signal 

Request 

1 

0 

0 

0 

None 

None 

1 

0 

0 

1 

GYXP 

PINC 37 

1 

0 

1 

0 

GYXP 

PINC 40 

1 

0 

1 

1 

GYZP 

PINC 41 

1 

1 

0 

0 

None 

None 

1 

1 

0 

1 

GYXM 

MINC 37 

1 

1 

1 

0 

GYXM 

MINC 40 

1 

1 

1 

1 

GYZM 

MINC 41 


Ordinarily this signal pairing would not function properly, 
since the BYRO signals occur at a 102.4 KC rate and are gated' by 
computer timing signal SB1. The PIPA counter increments are generated 
during SBZ time. It was therefore necessary to invert the counter 
increment requests being generated by the GYRO signals. This was 
accomplished by wiring the high side of GYRO output transformer to 
the low side of the PIPA input transformer. Computer signal PIPSAM 
then converted the 102.4 KC GYRO signals to 3200 KC counter increment 
requests for the three PIPA counters. 

Associated with the PIPA counter increment requests is 
a circuit which rejects the first three consecutive pulses of one 
type, i.e., the first three PINC requests or three MINC requests. 
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4.2.3.51 cont. 

In order to check that all of the above circuitry is functioning 
properly the following tests are made for each -code which is entered 
into channel 14. 

Enter a code into channel 14 which will pre-condition 
the PIPA circuits so that the first three counter increment requests 
generated by the test code will be rejected. Enter the code to be 
tested into channel 14. When bit 10 of channel 14 gets reset, go 
check the counter which was to be incremented for the proper number 
of pulses. Then check that the other two counters contain positive 
Stero, that is, they did not receive any pulses. 

The number of pulses gated out for each test is octal 103. 
The counter being tested is checked for octal 100. 

In the case of the two illegal codes, all three counters 
are checked for positive zero. 

The term pre-condition implies that when the code to be 
tested will cause P1NCS on a counter, the code which MINCS the same 
counter is used to set the PIPA rejection circuit to a known state. 
Therefore the first three positive increment requests will be rejected. 
The reverse is also true when the MINC codes for each counter are tested. 


4.2.3.52 I/O Test IV (Ref. paragraph 3.1.1.8) This test checks 
that out counters 50 through 54 are diminished by instruction DINC 
when the proper bit is written into channel 14. This is accomplished 
by wiring the resultant interface signals which are generated during, 
instruction DINC into circuits which request counter increments. 


Load 


If Contents 

Generate 

This is 

"Causes 

Ch. 14 

DINC 

of 

Interface 

Wired 

Counter 

Bit 

OUTCTR 

OUTCTR is 

Signal 

Into 

Request 

16/15 

50 

Positive 

CDUXDP 

CDUXP 

PCDU 32 

50 

Negative 

CDUXDM 

CDUXM 

MCDU 32 

14 

51 

Positive 

CDUYDP 

CDUYP 

PCDU 33 


51 

Negative 

Positive 

CDUYDM 

CDUYM 

MCDU 33 

13 

52 

CDUZDP 

CDUZP 

PCDU 34 

52 

Negative 

CDUZDM 

CDUZM 

MCDU 34 

12 

53 

Positive 

TRNDP 

TRNP 

PCDU 35 

53 

Negative 

TRNDM 

TRNM 

MCDU 35 

11 

54 

Positive 

SHFTDP 

SHAFTP 

PCDU *36 

54 

Negative 

SHFTDM 

SHAFTM 

MCDU 36 


PCDU causes a counter to be incremented in two's complement arithmetic. 

The CDU-DP or M signals are generated until the contents of the out 
counter are diminished to minus zero. At this time the channel bit 
which was requesting the DINC instruction is reset and checked. 

In this routine each counter pair, 32+x, 50+x (x ■ 0 to 
X * 4) is tested separately. Four tests are performed on each pair. 
Initially 32+x is set to -30. The following numbers are placed in 
50+x. 
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4.2.3.52 cont. 


Trial 1. +30. 


" JU 10 (l's complement) 

4. -30 1q complement) 

* The corresponding 32+x values should become - 

results of trial 1. >0 

■ " ■ 2. +30 1q 

• • ■ 3. 4-0 

•• ■ 4. -30 (2*s complement) 

When performing a trial, after one of the above numbers 
is placed on 50+x and its corresponding drive bit set, the program 
waits until the drive bit resets and then checks 32+x for the expected 
result. Inorder to avoid an endless loop in the case of the drive 
bit not resetting, a time limiting loop has been incorporated. If 
the drive bit does not reset within the given time (aproximately . 

10 msec.) the test fails. 

4.2.3.53 I/O Test 2V (Ref. paragraph 3.1.1.8) This test checks 
that the radar control codes which are associated with bits 1 through 
4 of channel 13 are functioning properly. This is accomplished by 
using the decoded radar signals to generate increment requests for t 
BMAG counters 42, 43, and 44. Bit 8 of channel 13 also gets tested 
since the counter requests which are generated at the interface module 
must pass through circuitry which is enables by this bit. 

Below is a sequence of events which occur when a code is 
entered into the lower 4 bits of channel 13. 

Ch. 13 Code Radar 'feiganl Counter Request Type of In- On 

4321 Generated Generated crement Requested CTR # 


10 0 0 
10 0 1 . 
10 10 
10 11 
110 0 
110 1 
1110 
1111 


None 
RR RANG 
RR RARA 
None 
LRSVEL 
LRYVEL 
LRZVEL 
LR RANG 


None 


None 

PINC 


42 

MINC 


42 

None 


None 

PINC 

• 

43 

MINC 


43 

PINC 


44 

MINC 


44 


The radar signals are generated at a 3200 cycle/second 
rate for a period of 90 ms. This results in the generation of 256 
pulses each time a code is entered into channel 13. 
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Initially, in this test, counters 42-44 are set to +6 
and three tests are performed with each radar code and bit 8 of 
channel 13 set. 

In the case of codes 11, 14, and 16 the proper counter 
is initialised at -400g. The first request should PINC the counter to 

-0. The second request of the same code should MINC it to -377 g . It 
is then set to 40400g. After the next request of the same code it 
should read 40000 o 

O e 

A test is performed with each radar code and bit 8 of 
channel 13 reset to ascertain that the counter accessed will not change 
in value. 

The program periodically checks that no counter has 
changed form +0 other than the one to which a request is sent. 

Bach counter request should produce a RADARUPT. The 
program checks to see that this has occurred. 

When bit 4 in channel 13 is reset, the program knows that 
the proper counter should contain the expected value and that the 
RADARUPT should have occurred. A timing loop has been incorporated 
to prevent an endless loop from occurring in the event bit 4 of 
channel 13 was not reset. 

The no signal codes (10 and 13) are used to check that no 
signals are generated to any counter• 

4.2.3.54 I/O Test 3V (Ref. paragraph 3.1.1.8) This tost checks 
that bit 1 of channel 14 controls the OUTLINK circuitry and that this 
circuitry is functioning in the prescribed manner. Bit 1 of channel 
14 causes the computer to generate a FLAG bit for the OUTLINK data and 
then shifts the 15 bits of OUTLINK data out of counter 57. Bach of 
these 16 bits generate either a OTLNKl or OTLNKO signal in the interfaoe 
module depending on whether or not the data bit was a "1” or a "0" 
respectively. These signals are then used to generate 8HINC and 8BAMC 
instructions for the UPLINK counter. 

OTLNKl causes UPLINK1 which requests a SHANC on oounter 45. 

OTLNKO causes UPLINKO which reqhests 8HINC on counter 45* * 

This causes the data of counter 17 to be duplicated 
in counter 45. 

Bits 5 and 6 of channel 13 are also incorporated in this 
test since they control the inhibit or enable status of the UPLINK 
counter. 
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4.2.3.54 cont. 


I. 


II 


Four checks are performed here. They are - 

1. Set Channel 13 bits 5 and 6 to 00. 

2. Set counter 57 to 25252 fi counter 45 * 0, and 
Channel 14 bit 1 - 1. 

3. Wait a maximum of 10 ms for Channel 14 bit 1 to 
reset. If it has not reset within this time, test 
fails. 

4. Delay 5 more ms. 

5. Check that an UPRUPT occurred. If not. Fail. 

• UPRUPT should have been caused when the flag bit 

was detected in bit 16 of CTR 45. 

6. Check that counter 45 now contains 25252 • If not, 

rail. 8 

1. Set Channel 13 bits 6 and 5 to 10 (INHIBIT UPLINK). 

2. Set counter 57 to 25252, counter 45-0 and channel 
14 bit 1-1. 

3. Wait a maximum of 10 ms for channel 41 bit l 

to reset. If it has not reset within this time, 
test fails. 

4. Delay 5 more ms. 

5. Check that no UPRUPT occurred. If it did, Fail. 

6. Check that counter 45 still contains 0. If not. Fail. 


III. Same as I above except set CTR 57 to 52525 in step 2 
and expect 52525 in CTR 45 in step 6. 

IV. Same as II above except set CTR 57 to 52525 in step 2. 

4.2.3.55 I/O Test 4V (ref. paragraph 3.1.1.8) This test checks 

that bits 2 and 3 of channel 14 control the altitude meter circuitry 
and that this circuitry is functioning in the prescribed manner. 

Bit 3 of channel 14 causes the computer to generate a flag bit for the 
altitude meter data and then shift the 15 data bits out of counter 
60. Bit 2 selects one of the two paths by which the data may be 
transmitted. 


Bit 2 


Data Bit Transmit Via 


0 0 ALTO 

1 ALTl 

1 0 ALRTO 

1 ALRT1 


The wiring at the interface is such that - 

ALTO causes RRINO, 

ALTl causes RRIN1, 

ALRTO causes LRINO, 

ALRT1 causes LRINl, 

These RR and LR signals will be converted to counter requests for 
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4.2.3.55 cont. 

SHINC and SHANC on counter 46 when a radar code J.s loaded into 
channel 13. 


The following ie a list of the tests which are done to 
insure proper operation of the combined circuitry. 


Load 

Ch. 14 Bits 
-3 2 


Load 

Ch. 13 Bits 
4 3 2 1 


Data Expected 
in Computer 


1 0 


10 0 0 
10 0 1 
10 10 


None 

Duplicate of counter 60 
Duplicate of counter 60 


1 1 


1 

0 

0 

0 

None 




1 

1 

0 

0 

Duplicate 

of 

counter 

60 

1 

1 

0 

1 

Duplicate 

of 

counter 

60 

1 

1 

1 

0 

Duplicate 

of 

counter 

60 

1 

1 

1 

1 

Duplicate 

of 

counter 

60 


There are two checks made for each code listed for 
channel 13. In the first check counter 60 is loaded with an odd bit 
configuration, in the second check counter 60 is loaded with an 
even bit configuration. The two results are then added and the answer 
checked for minus zero. Where no data is expected the answer is 
checked for positive zero. 


There is one other test performed, and that is one the 
generation of the flag bit from the altitude meter circuitry. Un¬ 
like counter 45 there are no interrupts generated when the flag 
bit is sensed in position 16 of the counter and therefore this bit 
is not self checking. 


This check consists of loading counter 60 with a plus 
one and waiting until this bit has been shifted one place to the left. 
At this time, counter 46 is checked to see that it contains the same 
information. 


Radar code 1011 is not implemented and should not be 

tested. 

4.2.3.56 I/O Test 5V (Ref. paragraph 3.1.1.8) This test checks 
that out counters 55 and 56 are diminished by instruction DINC when 
the proper bit is written into channel 14. This accomplished by 
wiring the resultant interface signals which are generated during 
instruction DINC into circuits which request counter increment*•. 
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4.2.3.56 cont. 


Load 

Ch. 14 
Bit 

DINC 

OUTCTR 

If Contents 
of 

OUTCTR is 

Generate 

Interface 

Signal 

This is 
Wired Into 

Causes 

CTR Request 

4 

55 

Positive 

■fTHRST 

BMGXP 

PINC 42 


55 

Negative 

-THRST 

BMGXM 

MINC 42 

5 

56 

Positive 

♦EMS 

BMGYP 

PINC 43 


56 

Negative 

-EMS 

BMGYM 

MINC 43 


Bit 8 of channel 13 is also used since it enables the counter requests 
t <? be gated into the counter cells. 


Following is a list of tests actually performed. 

Write 1 into channel 13 bit 8. 

0 CTR 42 (BMAGX), 0 CTR 43 (BMAGY). 

377 g CTR 55. 

Set channel 14 bits 5, 4 * 01. 

Wait until channel 14 bit resets (100 ms is allowed)• 
Does CTR 42 « 377 g ? If not, error. 

II. Same as I except 77400 g CTR 55 (step 2) and 77400 g 



III 


IV. 


1. Write 1 into channel 13 bit 8. 

2. 0 CTR 42 0 CTR 43. 

3. 377 g CTR 56. 

4. Set channel 14 bits 5, 4 - 10. 

5. Wait until channel 14 bit resets (100 ms is allowed). 

6. Does CTR 43 - 377 g ? If not, error. 

Same as III except 77400 CTR 56 (step 2) and 77400 g 
expected on CTR 43 (step 6)• 


4.2.3.57 I/O Test 6V (Ref. paragraph 3.1.1.8) This test is per¬ 
formed in order to check the decoding circuitry controlled by bits 5 
and 6 of channel 13. These two bits are decoded such that information 
may be gated into the UPLINK counter, via of counter priority cells, 
from two different sources. That is, interface signal UPLINK or 
XLINK. It also checks that the circuit used for detecting excessive 
rates of information flow from these two sources is operative, and 
does control the INLINK TOO FAST bit of channel 33 when an excessive 
rate is detected. This is accomplished by using bit 6 of channel 14 
to generate signal GYENAB and making the interface connection such 
that GYENAB causes XLINKO. The frequency of GYENAB is approximately 102 
KC. 


The following is a list of the eight tests which are 


performed - 
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4.2.3.56 

Load 

Ch. 14 

cont. 

DINC 

If Contents 
of 

Generate 

Interface 

This is 

t 

Causes 

Bit 

OUTCTR 

OUTCTR is 

Signal 

Wired Into 

CTR Request 

4 

55 

Positive 

■fTHRST 

BMGXP 

PINC 42 


55 

Negative 

-THRST 

BMGXM 

MINC 42 

5 

56 

Positive 

+EMS 

BMGYP 

PINC 43 


56 

Negative 

-EMS 

BMGYM 

MINC 43 


Bit 8 of channel 13 is also used since it enables the counter requests 
ta be gated into the counter cells. 

Following is a list of tests actually performed. 


I. 

1 . 

Write 1 into channel 

13 bit 8. 


2. 

0 CTR 42 (BMAGX), 

0 CTR 43 (BMAGY). 


3. 

377 g CTR 55. 



4. 

Set channel 14 bits 5 

,4-01. 


5. 

Wait until channel 14 

bit resets (100 ms is allowed)• 


6. 

Does CTR 42 - 377 g ? 

If not, error. 

II. 

Same as I except 77400 g 

CTR 55 (step 2) and 77400 g 

III. 

1 . 

Write 1 into channel 

13 bit 8. 


2. 0 CTR 42 0 CTR 43. 

3. 377 g CTR 56. 

4. Set channel 14 bits 5, 4 - 10. 

5. Wait until channel 14 bit resets (100 ms is allowed). 

6. Does CTR 43 - 377 g ? If not, error. 

IV. Same as III except 77400 CTR 56 (step 2) and 77400 g 
expected on CTR 43 (step 6)• 

4.2.3.57 I/O Test 6V (Ref. paragraph 3.1.1.8) This test is per¬ 
formed in order to check the decoding circuitry controlled by bits 5 
and 6 of channel 13. These two bits are decoded such that information 
may be gated into the UPLINK counter, via of counter priority cells, 
from two different sources. That is, interface signal UPLINK or 
XLINK. It also checks that the circuit used for detecting excessive 
rates of information flow from these two sources is operative, and 
does control the INLINK TOO FAST bit of channel 33 when an excessive 
rate is detected. This is accomplished by using bit 6 of channel 14 
to generate signal GYENAB and making the interface connection such 
that GYENAB causes XLINKO. The frequency of GYENAB is approximately 102 

KC. 

The following is a list of the eight tests which are 

performed - 
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4.2.3.57 cont. 


In Ch. 33 

Set Ch. 13 Set Ch.* 14 Bit 11 

Bits 65 Bit 6 Look for a 


0 0 1 
10 1 
11 1 
0 1 1 


1 

1 

1 

0 


m The four are then repeated with bit 6 of channel 14 set 

to zero. For these four tests bit 11 of channel 33 should remain 
a one. The bits of channel 33 are inverted. Therefore bit 11 will be 
* one until the INLINK TOO FAST signal is present. 


In checks one and two, bit 5 inhibits information 
from entering the counter priority cells via XLINK, therefore the 
excessive rate of XLINKO is not detected. In check three, bit 6 
inhibits reception of INLINK data from either source, again the 
excessive rate should not be detected. 


In check number four the combination of bits 5 and 6 
allows information to be gated into the INLINK cirucitry via XLINK and 
at this time the excessive rate of XLINKO is detected and signal 
INLINK TOO FAST is generated, channel 33 bit 11 set to zero. 
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4.2.3.58 Special Rope Teat (Ref. Paragraph*3.1.1.4). Individual, 
tine dependent checksums will be performed on each of the abbreviated 
rope modules. The checksum used will accomplish more than an ordinary 
checksum. The program will be written to detect interchanged strand 
wiring and interchanged inhibit wiring. The program will also check 
proper resetting of the cores. 

4*.2.3.59 Register 20-23 & NDX Generation (Ref. Paragraph 3.1.1.5). 
Check the proper operation of all instructions on registers 20-23. 

Check worst case add by adding all possible numbers to NZ. Check that 
INCR and AUG instructions will cause interrupts when overflow results 
are obtained in Time 5, and executing the RUPT by using the EDRUPT 
instruction. Check the proper operation of INCR on Time 1 and Time 2. 
Generate all instructions by using INDEX instructions. Check that gojam 
will reset channels 5, 6, 10, 11, 12, 13, 14, 34, and 35. 


4.2.3.60 DSKY Display (Ref. Paragraph 3.1.1.14). Turn OPP all 
lights on the DSKY's. Turn ON all alarms, 9*s +sign, and V/N flash, 
turn ON all 8's and -sign. Turn ON all T's-O's consecutively without 
sign. Blank the DSKY. 

TIMECHKS consist of 16 tests described below — 

(Tests # 1 ■ 1, 2, & 3 Ref. Paragraph 3.1.1.10) 

(Test #4, Ref. Paragraph 3.1.1.11) 

(Tests #5 thru #16, Ref. Paragraph 3.1.1.10) 

All time counters and channels 3 and 4 are checked from proper 
frequency of incrementing. T1 through T6 are checked for proper 
phasing to each other. The external clock indicates amount of time 
actually taken. DSKY displays the amount that should have been 
taken. 

Test #1 » Allow channel 4 to count from 0 to 0. Should take 
5120 ms. 

Test #2 - Allows channel 4 to pulse 32 times. Should take 10 ms. 
Test #3 - Waits for channel 3 to pulse once. Should take 5120 ms. 
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4.2.3.60 (Cont'd) 

Test #4 - Loads and checksums erasable memory, stores CH3 and 4 

time and goes into Standby. Upon returning from Standby 
it computes the number of increments Which Ch3 and 4 
should have received and displays them - the operator 
can then compute Whether the external clock reading is 
accurate. It also does a checksum on B memory to see that 
it remained undisturbed by the Standby mode. 

* 

Test #5 • Allows each time counter (Time 1-5) to count from 1 to 0. 
thru Each should take 163,830 ms. 

Test #9 

Test #10 - Allows time 6 to count from 37777 to -0. Should take 
10.23938 secs. 

Test #11 - Allows time 6 to count from 40000- to -0. Should take 
10.23938. 

Test #12 - Checks amount of time that elapses between incrementing 
of time 3 and 4. Should be 7.5 ms. 

Test #13 - Checks amount of time that elapses between incrementing 
of time 3 and time 5. Should be 5.0 ms. 

Test #14 - Checks amount of time that elapses between incrementing 
of time 4 and time 1. Should be 2.5 ms. 

Test #15 - Checks phasing from time 4 to time 2. Should be 2.5 ms 
because time 1 is set to PFS at each time 2 change. 

Test #16 - Checks phasing from time 3 to time 6. Should be .3125 ms. 


4.2.3.61 Worst Case Noise Erasable Memory Test (Ref. Paragraph 3.1.1.3) 
Banks 0 to 7 of erasable memory are loaded with the bit patterns as 
indicated in Table 1. Each work of bank 0 through 7 is checked in the 
following manners ... . - 

1. The word is read out and compared against the word that was 
stored. 

2. One bit of the word (starting with bit 15) is complemented and 
together with the rest of the original word is restored into 
its previous location. 
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4.2.3.61 (Cont'd) 

3. This word is then read out and checked for the proper bit 
configuration. 

4. The original word is now restored to its proper location. 

It should be noted that each bit as described in step 2 is done for all 
banks before the next bit in the word is complemented. This sequence 
of operations is repeated for all 15 bits of a word and when complete, 
each word that was stored originally, as indicated by Table 1, is now 
complemented and the process is repeated. 

Upon successful completion the whole test is recycled. If an error is 
detected, the program will stop on a TC Trap. 

Table 1 


E Bank 


Starting Address 

Word Pattern 

0 


1424 

0,0,1,1,0,0,1,1, etc 

1 


1400 

1,1,0,0,1,1,0,0, etc 

2 

• > 

1400 

1,1,0,0,1,1,0,0, etc 

3 


1400 

0,0,1,1,0,0,1,1, etc 

4 


1400 

0,0,1,1,0,0,1,1, etc 

5 


1400 

1,1,0,0,1,1,0,0, etc 

6 


1400 

1,1,0,0,1,1,0,0, etc 

7 


1400 

0,0,1,1,0,0,1,1, etc 


4.2.3.62 Warning Integrator Check Test (Ref. Paragraph 3.1.1.12). 

The purpose of this test is to check the warning alarm. Upon entering 
the test, the state of the warning alarm is examined. If on, the 
computer activity light is set; otherwise, it is reset. There is then 
a fifteen second delay during which the warning light should go OFF if 
it wasn't. If this does not happen, the STOP Fail routine is entered 
and the test terminated. 

If the above check was successful, eight further checks are performed. 
Any of these checks which fail will not terminate the test — just give 
a fifteen second indication of the failure on the DSKY and then continue 
to the next check. 
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4.2.3.62 (Cont'd) 

The eight checks employ the same philosophy. Each is concerned with 
pulsing the test alarm bit every "Y“ seconds over a period of “Z" 
seconds. The state of the warning bit is examined at the end of the 
■Z" seconds and, if it is not what is expected, there is a 15 second 
fail display. Otherwise, there is a 15 second success display. 

Each time the test alarm bit is pulsed (i.e., every “V seconds during 
a check), the state of the warning bit is checked. When on, the 
computer activity light is set. When off, it is reset. 

For the first four of the eight checks, the warning alarm bit is reset 
before the above described pulsing of the alarm bit is initiatede On 
the last four, the warning alarm bit is set. 

During the performance of a particular check, the DSKY will display 
the followings 

R1 - 8-”test #(1-8)* 

R2 ■ *Y* - how often the test alarm bit is being pulsed 

(shown in seconds and hundredths of seconds) 

H3 a m z m - length of time over which the alarm bit is pulsed 
(in seconds)• 

At the end of the check. R2 and R3 are blanked and, if success, 8-"test #' 
remains in Rl. Otherwise R1 becomes 9 -“test #"• 


The particulars for each check are as followss 


Check 

No. 

1 

2 

3 

4 

5 

6 
7 


Rl 


R2 (Y) R3 (Z) 

(1 pulse every Y.YY secs. 


Initial 

Warning 

State 


End Expected 
Warning 
State 


8-1 

3.00 

60 

OFP 

OFF 


8-2 

2.^0 

60 

OFF 

OFF or ON 
accepted• 

8-3 

1.00 

12 

OFF 

ON 


8-4 

0.16 

1 

OFF 

ON 


8-5 

0.50 

60 

ON 

ON 


8-6 

1.00 

60 

ON 

ON 


8-7 

2.00 

60 

ON 

OFF or ON 
accepted. 

8-8 

3.00 

60 

ON 

OFF 
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4.2.3.63 Supervisor. Displays failures for 15 seconds, forever, or 
returns to the next test. Displays number of successes and failures 
on DSKY at the end of a complete loop of tests. Failures diaplay test 
number, address of failure, bank values, and number of failures to 
that point. 


4.2.3.64 DSKY Checks (Ref. Paragraph 3.1.1.15). Check input of each 
key for proper codes. A continuous failure of the same type will 
terminate the test. Entries of keys within a .50 ms period will cause 
an alarm indication at all times. . 


4.2.3.65 Priority of Interrupts (Ref. Paragraph 3.1.1.12). Generate 
*11 interrupts and check that each occurs with correct priority. 


4.2.3.66 DSKY Vibration. The computer is locked up and the DSKY 
cleared. If a keyrupt occurs while the DSKY is being vibrated, this entry 
is displayed in the R1 component of both DSKY’s. The display represents 
the total number os such entries since the beginning of the test. 


4.2.3.67 BEGINP Test (Ref. Paragraph 3.1.1.8). Briefly, channels 
30, 31 and 32 received information, DC signals, which are controlled* 
by switches on the CTS. Some of these signals, CH31, bits 1-12 and CH32, 


13. 

The breakdown is 

as followst 

If Ch32 contains 

If CH33 contains 

CHI 3 


any of the 

any of the 

Bit 

Enables 

following bits 

following bits 

12 

rupt 10 

1 through 6 

- 

13 

rupt 10 

7 through 12 

• 

14 

rupt 10 

- 

1 through 10 


i 


111 




APOLLO G&N Specifications 
PS 2016007 

Rev. - ^______„ 


4.2.3.67 (Cont'd) 

This test then checks that CH30, 31 and 32 received DC signals in the 
proper hit positions via the interface module. Also it checks to see 
that the interrupt is controlled by the proper bit position of channel 
13 and occurs when requested. 

Following is a description of the way in tdiich this is handled. 

Initially check to see that CH30, 31 and 32 have no bits present. 

Turn OFF COMP. ACT. This signals the operator that it is OK to stard 
checking the switches, beginning at CH30, switch position one. 

When the program finds that the switch has been turned OH, it checks 
to see that it is the proper switch, if it is, it then checks the 
other two channels to insure that they do not have bits present. It 
both of these checks pass, the COMP ACT, is turned OH in the DSKY and 
the A register shows a five second flashing display of the bit just 
tested. After 5 seconds the COMP ACT. is turned OFF, this signals the 
operator to turn OFF the switch just tested and turn OH the next switch 
to the left. When a test is completed on an entire channel the next 
switch to be tested is switch number one of the next channel. 

The following is a list of DSKY indications used in this test, and 
their interpretation. 

HO ATT Operator failed to turn OH next test vit within one 

minute of completion of testing of last bit. 

Two adjacent switches are OH for 30 seconds. This 
situation arises when the operator turns OH the 
switch to be tested before he turns OFF the switch 
which was just checked. 

RUPT10 was caused by wrong bit. 


Detection of an improper bit in CH30, 31 or 32. 
Display on DSKY as followst 

Noun - Channel where error was detected 
Regl - Octal display of CH30 
Reg2 - Octal display of CH31 
Reg3 - Octal display of CH32 

Interrupt did not occur vhen requested. Display 
contents of CH30, 31 and 32 as previously described. 
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GIMBAL LOCK 
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HOLD with 
Flashing 
Verb, Houn 





APOLLO G&H Specifications 
PS 2016007 

Rev -_ 


4.2.3.67 (Cont'd) 

OPERATOR ' Oper ator failed to select and option for returning 

ERROR from ope of the three hold conditions* 

FREE r The selected option has been processed. 


The options for returning to the test are requested by switches 1 and 2 
or 14 and 15 of channel 30* 


Switch 


Function 


1 or 14 

2 or 15 

1 and 2 or 
14 and 15 
None of the 
above 


Test same bit over 

Start test at next bit position 

Start test at position one of next channel. 

Operator error. 


The procedure* for using the options when a hold condition exists 
is as followst 


Turn ON T12 

Turn OFF all channel switches 
Select an option - 
Push fresh start 
Turn OFF T12 

Press Proceed - Free light comes on 
Turn ON T12 

Turn OFF option switches 
Push fresh start 
Turn OFF T12 

Press Proceed - DSKY clears and switch selected for testing may be 
turned on. 

Procedure for returning from no ATT and KEY RELEASE conditions. 

Turn ON T12 

Correct condition which caused ALARM 
Push fresh start 
Turn OFF T12 

Push Proceed - Routine starts test vrtiere it left off - if the same 
condition exists at this time* the operator will get 
a hold condition which is an error. 
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1. SCOPE 1 

This specification establishes the detail requirements for 
complete identification and acceptance of the Indicator Driver Module 
Part Humber 2003952-031. - ^ 

2. APPLICABLE DOCUMENTS. Same as PS 2003952. Rev. • * ' 

3. REQUIREMENTS ^- rsrx** - 

3.'1 PERFORMANCE. Same as PS 2003952. 

3.1.1 Thermal Conditioning. Same as PS 2003952. 

3.1.2 Continuity. Same as PS 2003952. 

3.1.3 Insulation Resistance. Same as PS 2003952. 

3.1.4 Definition of Insulation Resistance - Pin Group A. Same 
as PS 2003952. 

3.1.5 Insulation Resistance - Pin Group B. Same as PS 2003952. 

3.1.6 Insulation Resistance - Pin Group C. Same as PS 2003952. 

3.1.7 Insulation Resistance - Pin Group D. Same as PS 2003952. 

3.1.7.1 Same as PS 2003952. 

3.1.7.2 Same as PS 2003952. 

3.1.7.3 Same as PS 2003952. 

3.1.8 Insulation Resistance - Pin Group E. Same as PS 2003952. 

3.1.8.1 Same as PS 2003952. 

3.1.8.2 Same as PS 2003952. 

3.1.8.3 Same as PS 2003952. 
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3.1.8.4 Same as PS 2003952. 

3.1.8.5 Same as PS 2003952. 

3.1.8.6 Same as PS 2003952. 

3.1.9 Insulation Resistance - Pin Group F. Same as PS 2003952. 

3.1.9.1 Same as PS 2003952. 

3•f.9.2 Same as PS 2003952. 

3.1.9.3 Same as PS 2003952. 

3.1.9.4 Same as PS 2003952. 

3.1.9.5 Same as PS 2003952. 

3.1.9.6 Same as PS 2003952. 

3.1.10 Resistance - Pin Group G. Same as PS 2003952. 

3.1.11 Resistance - Pin Group H. Same as PS 2003952. 

3.1.12 Front to Back Resistance Ratio. Same as PS 2003952. 

3.1.13 Resistance. Same as PS 2003952. 

3.1.14 Capacitance. Same as PS 2003952. 

3.1.15 Inductance. Same as PS 2003952. 

3.1.16 Input Voltage. The module shall perform as specified herein 
when supplied with the following voltagest 

(a) 17.5 ± 0.1 vdc 

(b) 19.0 ±0.1 vdc 

(c) 28.0 ± 0.1 vdc 

(d) 35.5 ± 0.1 vdc 
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3.1.17 Set and Reset Pins. Same as PS 2003952. 

3.1.18 Relay Contact Closures. With a voltage of 17.5 ± 0.1 vdc 
applied for 15.0 +0.0, *1.5 msec to the module input pins listed in 
Table 3-1, and module pins 66, 67, and 71 connected to 0 vdc, con¬ 
tact closures shall be made between the module output pins as speci¬ 
fied in Tafele 3-1. 


Table 3-1 (Same as PS 2003952). 

3.1.19 Relay Contact Closures . With a voltage of 17.5 ± 0.1 vdc 
applied to module pins 23, 44, 62, 65, and 77 for 15.0 +0.0, -1.5 
msec, and module pins 66, 67, and 71 connected to 0 vdc, contact 
closures shall be made between module pin 32 and module pins 17, 22, 
24, 29, 30, 34, 36, 39, 40, 41, 42, 43, 49, 50, 53, 54, 55, 56, 78, 

83, and 84. 

3.1.19.1 With a voltage of 17.5 ± 0.1 vdc applied to module pins 66, 
67, and 71, and module pins 23, 44, 62, 65, and 77 connected to 0 vdc, 
contact closure shall remain between the module pins listed in para¬ 
graph 3.1.19. 

3.1.20 Relay Contact Closure . With a voltage of 17.5 ± 0.1 vdc 
applied to module pins 14, 35, 51, 61, and 73 for 15.0 +0.0, -1.5 
msec, and module pins 66, 67, and 71 connected to 0 vdc, contact clo¬ 
sures shall be made between module pin 16 and module pins 17, 22, 24,. 
29, 30, 34, 36, 39, 40, 41, 42, 43, 49, 50, 53, 54, 55, 56, 78, 83, 
and 84. 

3.1.20.1 With a voltage of 17.5 ± 0.1 vdc applied to module pins 66, 
67, and 71 and module pins 14, 35, 51, 61, and 73 connected to 0 vdc, 
contact closure shall remain between the module pins listed in para¬ 
graph 3.1.20. 

3.1.21 Relay Contact Closures . With a voltage of 17.5 ± 0.1 vdc 
applied to module pins 28, 48, 59, 75, and 81 for 15.0+0.0, -1.5 
msec, and module pins 47, 69 and 88 connected to 0 vdc the following 
conditions shall exists 

(a) Contact closure shall be made between the pairs of 
module pins listed belows 


37 

and 

25 

82 

and 

74 

60 

and 

57 

21 

and 

15 

38 

and 

57 

70 

and 

32 

58 

and 

46 

18 

and 

27 

79 

and 

32 

76 

and 

32 
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3.1.21 (Continued) 

(b) No contact closure shall be made between the pairs 
of module pins listed belowt 


31 

and 

37 

13 

and 

82 

64 

and 

60 

20 

and 

21 

9 

and 

38 

13 

and 

70 

45 

and 

58 

9 

and 

18 

13 

and 

79 

63 

and 

76 








3. T. 21.1 With a voltage of 17.5 ± 0.1 vdc applied to module pins 47, 
69, and 88, and module pins 28, 48, 59, 75, and 81 connected to 0 vdc, 
contact conditions shall remain as specified in paragraph 3.1.21. 

3.1.22 Relay Contact Closures . With a voltage of 17.5 ± 0.1 vdc 
applied to module pins 19, 33, 52, 72 and 80 for 15.0 +0.0, -1.5 msec, 
and module pins 47, 69, and 88 connected to 0 vdc the following condi¬ 
tions shall exists 

(a) Contact closure shall be made between the pairs of 


module pins 

listed belowt 



31 and 37 

13 and 82 

64 

and 60 

20 and 21 

9 and 38 

13 

and 70 

45 and 58 
63 and 76 

9 and 18 

13 

and 79 

No contact closure shall be 

made 

between the pairs of 

module pins 

listed belowt 


37 and 25 

82 and 74 

60 

and 57 

21 and 15 

38 and 57 

70 

and 32 

58 and 46 
76 and 32 

18 and 27 

79 

and 32 


3.1.22.1 With a voltage of 17.5 ± 0.1 vdc applied to module pins 47, 
69, and 88, and module pins 19, 33, 52, 72, and 80 connected to 0 vdc, 
contact conditions shall remain as specified in paragraph 3.1.22. 

3.1.23 Relay Contact Closures . Same as PS 2003952. 
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3.1.23.1 Same as PS 2003952. 


3.1.23.2 With a voltage of 19.0 ± 0.1 vdc applied to module pins 4 
and 7, and module pin 26 connected to 0 vdc, the following conditions 
shall exists 

(a) Contact closure shall be made between the pairs of 
module pins listed belows 

» 11 and 1 

8 and 10 
3 and 6 

(b) No contact closure shall be made between the pairs of 
module pins listed belows 

11 and 12 

2 and 8 

3 and 6 

3.1.24 Alarm Drivers. Same as PS 2003952. 

3.1.25 Y Line Drivers. Same as PS 2003952. 

3.1.26 X Line Drivers. Same as PS 2003952. 

3.1.27 Diode Decoding. Same as PS 2003952. 


3.1.27.1 Output Pulses. Same as PS 2003952. 


NOTE S During the dynamic teats specified in paragraphs 3.1.24 thru 

3.1.27 module pin 105 shall be connected to 0 vdc, and module 
pin 112 shall be connected to a 28.0 vdc supply. 


3.1.28 Marginal Voltages and Thermal Extremes s 

3.1.28.1 Low Marginal Voltage/Low Temperature. The module shall per¬ 
form as specified in paragraph 3.1.18 thru 3.1.27 Wien the ambient 
temperature and the input voltage requirements are set as follows« 


(a) 17.0 volt input 

(b) 19.0 volt input 

(c) 28.0 volt input 

(d) ambient temperature 


17.0 ± 0.1 vdc 
19.0 ± 0.1 vdc 
19.5 ± 0.1 vdc 
-10°C +0C<> 

-2.8C° 
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B+ 


r 

50% 


Pigart 3.-1,P 

High Lev.l(Al) HMT 1.5% of B-)- 
below B+ 

Low Level(A2) 24%-30% of B+ 

Time Delay(TDl) 65 ± 40 usee 
Time Delay(TD2) 20 ± 15 usee 


Q vdq 


H— 1 


I hi 


JELL 



Ficrure 3-1C 

High Level(Al) NMT 0.4V be¬ 
low B+ 

Low Level (A2) HMT 0.1V 
Pulse Width (PW) 15 ± 10 msec 


Alarm Drivers Pulse Characteristics 


o 
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High Level (Al) NMT 1.5% of B+ 
below B+ 

Low Level (A2) 24%-30% of B+ 

Time Delay(TDl) 65 ± 40 usee 
Time Delay (TD2) 20 ± 15 usee 


High Level (Al) NMT 0.4V below 
B+ 

Low Level (A2) NMT 10% of B+ 
Pulse Width (PW) 15 ± 10 msec 


High Level (Al) NMT 0.4V below 
B+ 

Low Level(A2) NMT 0.1 volt 
Pulse Width(PW) 15 ± 10 msec 


Figure 3-3 Y Line Drivers Output Pulse Characteristics 
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3.1.28.2 Low Marginal Voltage/High Temperature. The module shall 
perform as specified in paragraph 3.1.18 thru 3.1.27 when the ambient 
temperature and the input voltage requirements are set as followst 


(a) 

17.0 volt input 

17.0 

± 

0.1 vdc 

(b) 

19.0 volt input 

19.0 

± 

0.1 vdc 

(c) 

28.0 volt input 

19.5 

± 

0.1 vdc 

(d) 

ambient temperature 

80°C 

+2 

!.8C° 


-0CO 


3.1.28.3 High Marginal Voltage. The module shall perform as speci¬ 
fied in paragraph 3.1.18 thru 3.1.27 vftien the ambient temperature and 
the input voltage requirements are set as followsi 

(a) 17.0 volt input 35.5 ± 0.1 vdc 

(b) 19.0 volt input 35.5 ± 0.1 vdc 

(c) 28.0 volt input 35.5 ±0.1 vdc 

(d) ambient temperature 25°C ± 3°C 

3.1.29 Vibration. Same as PS 2003952. 

3.2 PRODUCT CONFIGURATION 

3.2.1 Drawings. Same as PS 2003952. 

3.2.2 Weight. Same as PS 2003952. 

4. QUALITY ASSURANCE PROVISIONS 

4.1 General. Same as PS 2003952. 

4.1.1 Nonconforming Units. Same as PS 2003952. 

4.1.2 Test Conditions. Same as PS 2003952. 

4.1.2.1 Environmental. Same as PS 2003952. 

4.1.2.2 Module Case Ground. Same as PS 2003952. 
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TESTS 

Drawing Compliance. Same as PS 2003952. 

Thermal Conditioning. Same as PS 2003952. 

Continuity. Same as PS 2003952. 

Insulation Resistance. Same as PS 2003952. 

Insulation Resistance - Pin Group A. Same as PS 2003952. 

Insulation Resistance - Pin Group B. Same as PS 2003952. 

Insulation Resistance - Pin Group C. Same as PS 2003952. 

Insulation Resistance - Pin Group D. Same as PS 2003952. 

Same as PS 2003952. 

Same as PS 2003952. 

Same as PS 2003952. 

Insulation Resistance - Pin Group E. Same as PS 2003952. 
Same as PS 2003952. 

Same as PS 2003952. 

Same as PS 2003952. 

Same as PS 2003952. 

Same as PS 2003952. 

Same as PS 2003952. 

Insulation Resistance - Pin Group F. Same as PS 2003952. 
Same as PS 2003952. 
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4.2.10.2 Sante as PS 2003952. 

4.2.10.3 Same as PS 2003952. 

4.2.10.4 Same as PS 2003952. 

4.2.10.5 Same as PS 2003952. 


4.2.10.6 Same as PS 2003952. 


4.2.11 Resistance - Pin Group G. Same as PS 2003952. 

4.2.12 Resistance - Pin Group H. . Same as PS 2003952. 

4.2.13 Front to Back Resistance Ratio. Same as PS 2003952. 


4.2.14 Resistance. Same as PS 2003952. 

4.2.15 Capacitance. Same as PS 2003952. 

4.2.16 Inductance. Same as PS 2003952. 


4.2.17 Input Voltage. Same as PS 2003952. 

4.2.18 Relay Contact Closures. Same as PS 2003952. 

4.2.19 Relay Contact Closures . Apply an input of 17.5 ± 0.1 vdc 

to the designated module pins as specified in paragraph 3.1.19. Verify 
contact closure by switching not less than 375 vdc between the module 
pins specified in paragraph 3.1.19. 


4.2.19.1 Apply an input of 17.5 ± 0.1 vdc to the designated module 
pins as specified in paragraph 3.1.19.1. Verify that the contact 
closure conditions remain as specified in paragraph 4.2.19. 


4.2.20 Relay Contact Closures . Apply an input of 17.5 ± 0.1 vdc 
to the designated module pins as specified in paragraph 3.1.20. Verify 
contact closure by switching not less than 375 vdc between the module 
pins specified in paragraph 3.1.20. 
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4.2.20.1 Apply an input of 17.5 ± 0.1 vdc to the designated module 
pins as specified in paragraph 3.1.20.1. Verify that the contact 
closure conditions remain as specified in paragraph 4.2.20. 

4.2.21 Relay Contact Closures . Apply an input of 17.5 ± 0.1 vdc 

to the designated module pins as specified in paragraph 3.1.21. Verify 
contact closure by switching not less than 375 vdc between the module 
pins specified in paragraph 3.1.21 (a). Verify that no contact closure 
is made between the module pins specified in paragraph 3.1.21 (b). 

4.5.21.1 Apply an input of 17.5 ± 0.1 vdc to the designated module 
pins as specified in paragraph 3.1.21.1. Verify that the contact clo¬ 
sure conditions remain as specified in paragraph 4.2.21. 

4.2.22 Relay Contact Closures . Apply an input of 17.5 ± 0.1 vdc 

to the designated module pins as specified in paragraph 3.1.22. Verify 
contact closure by switching not less than 375 vdc between the module 
pins specified in paragraph 3.1.22 (a). Verify that no contact closure 
is made between the module pins specified in paragraph 3.1. 22 (b). 

4.2.22.1 Apply an input of 17.5 ± 0.1 vdc to the designated module 

t, pins as specified in paragraph 3.1.22.1. Verify that the contact clo¬ 
sure conditions remain as specified in paragraph 4.2.22. 

4.2.23 Relay Contact Closures . Same as PS 2003952. 

4.2.23.1 Same as PS 2003952. 

4.2.23.2 Apply an input of 19.0 ± 0.1 vdc to the designated module 

pins as specified in paragraph 3.1.23.2. Verify contact closure by 
switching not less than 375 vdc between the module pins specified in 

paragraph 3.1.23.2 (a). Verify that no contact closure is made between 

the module pins specified in paragraph 3.1.23.2 (b). 

4.2.24 Alarm Drivers. Same as PS 2003952. 

4.2.24.1 Input Source. Same as PS 2003952. 

4.2.24.2 Output Load. Same as PS 2003952. 

4.2.25 Y Line Drivers. Same as PS 2003952. 
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4.2.25.1 Input Source. Sane as PS 2003952 . * 

4.2.25.2 Output Load. Sane as PS 2003952 . 

4.2.26 X Line Drivers. Same as P8 2003952. 

4.2.26.1 Low Level Input. Same as PS 2003952. 

4.2.26.2 High Level Input. Same as PS 2003952. 

4. >.26.3 Output Load. The output load shall be a 62 ohm ± 5% resis¬ 
tance connected between each module output pin and a 28 vdc supply. 

4.2.27 Diode Decoding. Same as PS 2003952. 

4.2.27.1 Input Source. Same as PS 2003952. 

4.2.27.2 Output Load. The output load shall be an 18 Kohro ± 5% resis¬ 
tance connected between each module output pin and a 28.0 vdc supply. 

4.2.27.3 Same as PS 2003952. 

4.3 WORKMANSHIP 

4.3.1 Marginal Voltages and Thermal Extremes. 

4.3.1.1 Low Marginal Voltage/Low Temperature. Same as PS 2003952. 

4.3.1.2 Low Marginal Voltage/High Temperature. Same as PS 2003952. 

4. 3 . 1.3 High Marginal Voltage/High Temperature. Same as PS 2003952. 

4.3.2 Vibration. Same as PS 2003952. 

4.3.3 Weight. Same as PS 2003952. 

5. PREPARATION FOR DELIVERY 

5.1 GENERAL. Same as PS 2003952. 

6. NOTES: Same as PS 2003952. 
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1. SCOPE 

This specification establishes the detail requirements for 
complete identification and acceptance of the Indicator Driver Nodule, 
Part Number 2003952-031. 

2. APPLICABLE DOCUMENTS. Same as PS 2003952. Rev. * 

3. REQUIREMENTS 

3.1 PERFORMANCE. Same as PS 2003952. 

3.1.1 Thermal Conditioning. Same as PS 2003952. 

3.1.2 Continuity. Same as PS 2003952. 

3.1.3 Insulation Resistance. Same as PS 2003952. 

3.1.4 Definition of Insulation Resistance - Pin Group A. Same 
as PS 2003952. 


3.1.5 Insulation Resistance - Pin Group B. 

3.1.6 Insulation Resistance - Pin Group C, 

3.1.7 Insulation Resistance - Pin Group D, 

3.1.7.1 Same as PS 2003952. 

3.1.7.2 Same as PS 2003952. 

3.1.7.3 Same as PS 2003952. 

3.1.8 Insulation Resistance - Pin Group E 

3.1.8.1 Same as PS 2003952. 

3.1.8.2 Same as PS 2003952. 

3.1.8.3 Same as PS 2003952. 


Same as PS 2003952. 
Same as PS 2003952. 
Same as PS 2003952. 


Same as PS 2003952. 
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1. SCOPE 

This specification establishes the detail requirements for 
complete identification and acceptance of the Indicator Driver Module, 
Part Number 2003952-031. 

2. APPLICABLE DOCUMENTS. Same as PS 2003952 r« v . b 

3. REQUIREMENTS 

3.1 PERFORMANCE. Same as P8 2003952. 

3.1.1 Thermal Conditioning. Same as PS 2003952. 

3.1.2 Continuity. Same as PS 2003952. 

3.1.3 Insulation Resistance. Same as PS 2003952. 

3.1.4 Definition of Insulation Resistance - Pin Group A. Same 
as PS 2003952. 

3.1.5 Insulation Resistance - Pin Group B. Same as PS 2003952. 

3.1.6 Insulation Resistance - Pin Group C. Same as PS 2003952. 

3.1.7 Insulation Resistance - Pin Group D. Same as PS 2003952. 

3.1.7.1 Same as PS 2003952. 

3.1.7.2 Same as PS 2003952. 

3.1.7.3 Same as PS 2003952. 

3.1.8 Insulation Resistance - Pin Group E. Same as PS 2003952. 

3.1.8.1 Same as PS 2003952. 

3.1.8.2 Same as PS 2003952. 

3.1.8.3 Same as PS 2003952. 
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document for this addendum is the revision referenced above, and 
the exceptions stated below. 


2 














































Th« exact content of specification PS 2003952 used as the basic 
document for this addendusi is the revision referenced above, and 
the exceptions stated below. 


2 































APOLLO G&N Specification 
PS 2016015 . 4 

Rev A_ 


3.1.13.1 The Random vibration shall be Gaussian distributed with 
/the exception that magnitude limiting shall occur at a peak to rms ”g” 
ratio of 3 to 1. 

Vibration in each of three mutually perpendicular # axis * 
shall be for 2 minutes as follows! 3DB/octave Rollup 10 HZ to 
0.04g 2 /HZ at 70 HZ, 0.04g 2 /HZ to 420 HZ, 3DB/octave Rolloff from 
420 HZ to 2000 HZ. 

Tolerance limits between 10 HZ and 50 HZ shall be ± 3DB; 
♦Tolerance limits between 50 HZ and 1000 HZ shall be ± 1.5DB; 
Tolerance limits between 1000 HZ and 2000 HZ shall be ± 3DBj 

♦in the event the ± 1.5 db from 50 to 1000 HZ cannot be met with exis¬ 
ting facilities, the tolerance may be broadened to ± 3 db providing 
the overall g rms level is held to ± 10 percent. _ _ _ 

3.1.14 Leak Rate. With the DSKY pressurized to 2 PS1G at 25 ± 2®C 
using a mixture of 90% nitrogen and 10% helium, the leak rate shall 
not exceed 1.0 x 10~ 2 cc/sec/atm. 

3.1.15 Aging. The DSKY shall have accumulated not less than two 
hundred hours operating time prior to completion of test. 

3.1.16 Spare and Not Connected Terminals. The following DSKY 
connector J9 pins are provided as spare and NC terminals. 

Connector J9 Signal Designation 

Pin Numbers _____ ______ 


75 

W-210 

SPARE 

74 

W-213 

SPARE 

73 

W-241 

SPARE 

13 

W-246 

SPARE 

34 (N) 

SD326 

SPARE 

37 (N) 

SD328 

SPARE 

56 C ) 

SD444 

SPARE 

34 (M) 

SD445 

SPARE 


13 





APOLLO G&N Specification 

PS 2016015 

Rev A_ 


3.2 PRODUCT CONFIGURATION 

3.2.1 Drawings . The configuration of the assembly shall be in 
accordance with Apollo G&N Drawing 2003994 and all drawings and 
engineering data referenced thereon. 

3.2.2 Height . The weight of each DSKY shall be measured and * 

recorded. - * 

4. QUALITY ASSURANCE PROVISIONS 

4.1 GENERAL. The contractor responsible for the manufacture of 
the assembly shall be responsible for the accomplishment of each test 
required herein. See Table 4-1, Product Performance and Configura¬ 
tion Requirement/Quality Verification Cross Reference Index. 




TABLE 4-1 


Reouirement 

JDC 

Reouirement 

JDg. 

3.1.1 

05393 

3.1.10 

053 88,053 79, 
05385,05376 

3.1.2 

05344,05345 

3.1.11 

05388,05379, 

05385,05376 

3.1.2.1 

05394,05344, 

05345,05351 

3.1.12 

05367,05388 

3.1.2.2 

05344,05345 

3.1.13 

05387 

3.1.3 

05379,05385 

3.1.13.1 

05387 

3.1.4 

05379,05385 

3.1.14 

05371 

3.1.5 

05382,05379, 

05385 

3.1.15 

05366 

3.1.6 

05388,05379, 

05385,05376 

3.1.16 

H.A. 

3.1.7 

05388,05379, 

05385,05376 

3.2.1 

05364,05393 

3.1.8 

05388,05379, 

05385,05376 

3.2.2 

05365. 


3.1.9 


05388,05379 

05385,05376 
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4.1.1 Test Conditions 

4.1.1.1 Environmental. The assembly shell be tested under the follow* 
ing ambient conditions! 

a. Temperatures 25° a 10°C 

* , , »< 

b. Relative Rumiditys 90% max 

c. Barometric Pressures 28 to 32 inches of Bg 

4- 1 - 2 Iten,conforming Units . Failure of the unit to pass any exmai- 

nation or test of this specification shall automatically classify the 
unit as nonconforming. Each nonconforming unit corrected by the 
contractor shall be reinspected. Reinspection may be limited to the 
test or examination which defined the nonconformance, or, when directed 
by the cognizant inspector, a complete retest and re-examination may 
be required. Nonconforming unite irtiich have not been corrected will 
be considered for acceptance only upon formal application by the 
contractor to the cognizant NASA representative. 


4.2 TESTS 


4.2.1 Drawing Compliance . The assembly shall be visually examined 
for compliance to the requirements of APOLLO G&N Drawing 2003994. 
Particular attention shall be given to inspection for damage to sur¬ 
faces, structure, and equipment, including contaminants, pin misalign¬ 
ment, and legibility and appearance of marking. 
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4.2.2 Acceptance Teats. All testa shall be performed using the 
JDC's listed herein in the order specified in the Assembly Test 
Plan (paragraph 4.2.2.1). 

a. The Acceptance Tests must be performed with 

one (1) Computer and two (2) DSKY's. If any * 

of the units are missing. Hangar Queen units 
shall be used during the tests. (*). 

The Hangar Queen units shall not be subjected to 
mechanical inspection, vibration, thermal cycling, 
weight measurement, leak test or to the requiresmnts 
of long term aging or Test Data JDC. A failure 
isolated to a Hangar Queen shall not be cause for 
rejection of the unit undergoing acceptance tests. 

b. To perform the tests specified herein, Pixed Memory 
Modules containing Hews peak Program are required in 
the B1 and B2 positions and Warning Test Rope 
Assemblies are required in the B3, B4, B5 and B6 
positions. These modules must meet the requireamnts 
for factory test equipment. 

(*) Definition of Hangar Que.n 

A Hangar Queen Unit shall be defined as a Computer 
or DSKY which is capable of passing the following 
JDC* si 





1. 

05394 

Transient Voltage Test 

2. 

05343 

Equipment Setup 

3. 

05344 

Equipment Power Turn On 

4. 

05345 

Computer Power Turn On 

5. 

05351 

Marginal Voltage Test 

6. 

05376 

Automatic Newspeak Test 

7. 

05379 

Dsky Test (Indicators & Keyboard) 

8. 

05382 

Standby - E Memory Test 

9. 

05384 

Priority of Interrupts 

10. 

05385 

Dsky Spacecraft Signals 

11. 

05388 

CTS Control of Hewspeak 


The equipment shall be tested in accordance with the above 
requirements during preliminary testing of the unit (s) 
which will be sold. 
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3.1.13.1 The Random vibration shall be Gaussian distributed with 
.•the exception that magnitude limiting shall occur at a peak to rms "g M 
ratio of 3 to 1. 

Vibration in each of three mutually perpendicular axis * 
shall be for 2 minutes as follows: 3DB/octave Rollup 10 HZ to 
0.04g 2 /HZ at 70 HZ, 0.04g 2 /HZ to 420 HZ, 3DB/octave Rolloff from 
420 HZ to 2000 HZ. 

Tolerance limits between 10 HZ and 50 HZ shall be ± 3DB? 
♦Tolerance limits between 50 HZ and 1000 HZ shall be ± 1.5DB; 
Tolerance limits between 1000 HZ and 2000 HZ shall be ± 3DB; 

♦in the event the ± 1.5 db from 50 to 1000 HZ cannot be met with exis¬ 
ting facilities, the tolerance may be broadened to ± 3 db providing 
the overall g rms level is held to ± 10 percent. 


3.1.14 Leak Rate. With the DSKY pressurized to 2 PSIG at 25 ± 2°C 
using a mixture of 90% nitrogen and 10% helium, the leak rate shall 
not exceed 1.0 x 10" 3 cc/sec/atm. 

3.1.15 Aging. The DSKY shall have accumulated not less than two 
hundred hours operating time prior to completion of test. 

3.1.16 Spare and Not Connected Terminals. The following DSKY 
connector J9 pins are provided as spare and NC terminals. 

Connector J9 Signal Designation 

Pin Numbers _ _ 


75 

W-210 

SPARE 

74 

W-213 

SPARE 

73 

W-241 

SPARE 

13 

W-246 

SPARE 

34 <N) 

SD326 

SPARE 

37 (N) 

SD328 

SPARE 

56 (;;) 

SD444 

SPARE 

34 (M) 

SD445 

SPARE 
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3.2 PRODUCT CONFIGURATION 

3.2.1 Drawings . The configuration of the assembly shall be in 
accordance with Apollo G&N Drawing 2003994 and all drawings and 
engineering data referenced thereon. 

3.2.2 Weight . The weight of each DSKY shall be measured and * 
recorded. 

4. QUALITY ASSURANCE PROVISIONS 

4.1 GENERAL. The contractor responsible for the manufacture of 
the assembly shall be responsible for the accomplishment of each test 
required herein. See Table 4-1, Product Performance and Configura¬ 
tion Requirement/Quality Verification Cross Reference Index. 


TABLE 4-1 


Recruirement 

JPC 


JPC 

3.1.1 

05393 

3.1.10 

05388,05379, 

05385,05376 

3.1.2 

05344,05345 

3.1.11 

05388,05379, 

05385,05376 

05367,05388 

3.1.2.1 

05394,05344, 

05345,05351 

3.1.12 

3.1.2.2 

05344,05345 

3.1.13 

05387 

3.1.3 

05379,05385 

3.1.13.1 

05387 

3.1.4 

05379,05385 

3.1.14 

05371 

3.1.5 

05382,05379, 

053 85 

3.1.15 

05366 

3.1.6 

05388,05379, 

05385,05376 

3.1.16 

N.A. 

3.1.7 

05388,05379, 

05385,05376 

3.2.1 

05364,05393 

3.1.8 

05388,05379, 

05385,05376 

3.2.2 

05365. 

3.1.9 

05388,05379, 

05385,05376 
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4.2.2 Acceptance Tests. All tests shall be performed using the 
JDC's listed herein in the order specified in the Assembly Test 
Plan (paragraph 4.2.2.1). 

a. The Acceptance Tests must be performed with 
one (1) Computer and two (2) DSKY's. If any 
of the units are missing. Hangar Queen units 
shall be used during the tests. (*). 

The Hangar Queen units shall not be subjected to 
mechanical inspection, vibration, thermal cycling, 
weight measurement, leak test or to the requirements 
of long term aging or Test Data JDC. A failure 
isolated to a Hangar Queen shall not be cause for 
rejection of the unit undergoing acceptance tests. 

b. To perform the tests specified herein, Pixed Memory 
Modules containing Hewspeak Program are required in 
the B1 and B2 positions and Warning Test Rope 
Assemblies are required in the B3, B4, B5 and B6 
positions. These modules must meet the requirements 
for factory test equipment. 

(*) Definition of Hangar Queen 

A Hangar Queen Unit shall be defined as a Computer 
or DSKY which is capable of passing the following 
JDC'si 


1. 

05394 

Transient Voltage Test 

2. 

05343 

Equipment Setup 

3. 

05344 

Equipment Power Turn On 

4. 

05345 

Computer Power Turn On 

5. 

05351 

Marginal Voltage Test 

6. 

05376 

Automatic Newspeak Test 

7. 

05379 

Dsky Test (Indicators & Keyboard) 

8. 

05382 

Standby - E Memory Test 

9. 

05384 

Priority of Interrupts 

10. 

05385 

Dsky Spacecraft Signals 

11. 

05388 

CTS Control of Hewspeak 


The equipment shall be tested in accordance with the above 
requirements during preliminary testing of the unit (s) 
which will be sold. 
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List of 

JDC'ss 

05343 

Equipment Set-Up 

05344 

Equipment Power Turn-On 

05345 

Computer Turn-On 

05351 

Marginal Voltage Test 

05364 

Dsky Visual Inspection 

05365 

Dsky Weight Measurement 

05366 

Long-Term Aging 

05367 

Thermal Cycling Test 

05371 

Dsky Leak Test 

05376 

Automatic Newspeak Test 

053 79 

Dsky Test (Indicators & Keyboard) 

05382 

Standby E Memory Test 

05385 

Dsky Space Craft Signals 

05387 

Vibration Test-Dsky 

05388 

CTS Control of Newspeak 

05393 

Dsky Test Data 

05394 

Transient Voltage Test 


5. PREPARATION FOR DELIVERY 

5.1 GENERAL. Preparation for delivery shall be in accordance 

with Specification ND 1002214. The DSKYs shall be pressurized for 
shipment at 2.0 ± 0.5 psig with dry nitrogen at ambient room tempera¬ 
ture. 

6. NOTES* None 


19 









APOLLO GAN Specification 
PS 2016015 Rov C 
Original latua Data: /i q 

Release Authority: TDRR 3* / 

Claes A Release 


PROCUREMENT SPECIFICATION 

PRODUCT CONFIGURATION AMD ACCEPTANCE TEST REQUIREMENTS 
DISPLAY AMD KEYBOARD ASSEMBLY 
DRAWING NO* 2003994 


Record of Revisions 



This specification consists of pages 1 to 19 inclusive. 










APOLLO G&N Specification 
PS 2016015 
Rev C 


3.1.2.2 AC Voltages. The AC voltage supplied to the assemblies 
shall be 75 VRMS at 400 ± 8 cps, single phase variable up to 115 ± 

5 VRMS and capable of being turned off. This voltage is applied to 
the following DSKY connector pins as the designated signals. 


NAV DSKY 


MAIN DSKY 


Signal - Warn. 

J9 Conn. Pin 

Signal - Name 

J9 Conn. Pin 

W-343 115V 400 cps 

38 

W-437 115V 400 cps 

38 

W-344 115V 400 cps RET 

40 

W-438 115V 400 cps RET 

40 


3.1.2.3 The DSKY shall operate properly when tested with a Computer 

during the following marginal voltage conditions While running News- 
peak Programt 


+4V 


+14V 


+28V 


LOW 3.40 ± 0.01 12.10 ± 0.01 21.5 ± 0.1 

HIGH 4.60 ± 0.01 16.40 ± 0.01 

3.1.3 Input Sync Pulse. An 800 ± 16 cps sync pulse shall be 

applied to the DSKY assemblies through the following connector pins. 

DSKY J9 Connector Pins 
Signal - Name Main_ P av .. 

CC212 ELSNCN - 1 

CC242 ELSNCM 7 


3.1.4 Legend Brightness Control. The brightness of the legends 

(NOUN, VERB, PROGRAM, and the horizontal bars above each register) 
shall be variable from OFF to maximum brightness by input signals to 
the DSKY connectors as follows: 




DSKY J9 

Connector Pins 

Signal 

- Najng 

Main 

Nav 

WD345 

DIMMER 

. 

5 

WD346 

DIMMER RET. 

- 

4 

RD442 

DIMMER 

5 

- 

WD443 

DIMMER RET. 

4 



3.1.5 Keyboard. With all keys except "STBY" individually pressed 
signals DE201 through DE205 from the NAV DSKY and signals DE253 
through DE257 from the Main DSKY shall produce the codes specified 

in Table 3-1. With no keys except STBY depressed, signal D-206 from 
the NAV DSKY and signal D-209 from the Main DSKY shall be present. 

Keys RSET and STBY on each DSKY shall produce signals D-207 and D-208, 
respectively, when pressed. 

3.1.6 Flashing Alarm Characters. With the flashing timing pulse, 
signals CB236 and CB244, applied to pins 46 and 72 of J9, respectively 
the alarm indicators KEY REL and OPR ERR shall flash. 


4 








APOLLO G&N Specification 
PS 2016015 

Rev C_ 


3.2 PRODUCT CONFIGURATION 

3.2.1 Drawings . The configuration of the assembly shall be in 

accordance with Apollo G&N Drawing 2003994 and all drawings and 
engineering data referenced thereon. 

3.2.2 Weight . The weight of each DSKY shall be measured and 
recorded. 

4. QUALITY ASSURANCE PROVISIONS 

4.1 GENERAL. The contractor responsible for the manufacture of 

the assembly shall be responsible for the accomplishment of each test 
required herein. See Table 4-1, Product Performance and Configura¬ 
tion Requirement/Quality Verification Cross Reference Index. 


TABH Ll dL 


Reauirement 

JDC 

Reauirement 

JDC 

3.1.1 

05393, 

3.1.10 

05388,05379, 
05385,05376 

3.1.2 

05344,05345 

3.1.11 

05388,05379, 
05385,05376 

3.1.2.1 

05394,05344 

05345 

3.1.12 

05367,05388 

3.1.2.2 

05344,05345 

3.1.13 

05387 

3.1.2.3 

05351 



3.1.3 

05379,05385 

3.1.13.1 

05387 

3.1.4 

05379,05385 

3.1.14 

05371 

3.1.5 

05382,05379 

05385 

3.1.15 

05366 

3.1.6 

05388,05379 

05385,05376 

3.1.16 

N.A. 

3.1.7 

05388,05379 
05385,053 76 

3.2.1 

05364,05393 

3.1.8 

05388,05379 

05385,05376 

3.2.2 

05365 

3.1.9 

05388,05379 
05385,053 76 
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1. SCOPE 

Thi8 specification establishes the detail requirements for 
complete identification and acceptance of the Display and Keyboard 
Assembly Part No. 2003994-011. 

2. APPLICABLE DOCUMENTS 

The following documents form a part of this specification 
to the extent specified herein. 

Effective Issues. Unless otherwise specified herein. 
Military and Government Standards and Specifications shall be the 
issue in effect on the date of request for proposal or invitation 
to bid. 

SPECIFICATIONS 
APOLLO G&N 


ND 1002214 


APOLLO G&N 


General Specification for Preservation, 
Packaging, Packing and Container Mark¬ 
ing of APOLLO Guidance and Navigation 
Major Assemblies, Assemblies, Subassem¬ 
blies, Parts and Associated Ground 
Support Equipment. 


PS 2003994 

DRAWINGS 
APOLLO G&N 


Procurement Specification,Display and 
Keyboard Assembly 


2003994 DISPLAY AND KEYBOARD ASSEMBLY 

(Copies of Specifications, Standards, Drawings, Bulletirs and Publica¬ 
tions required by suppliers in connection with specific procurement 
functions should be obtained from the Procuring Activity or as 
directed by the Contracting Officer). 
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3.1.2.2 AC Voltages. The AC voltage supplied to the assemblies 
shall be 75 VRMS at 400 ± 8 cps, single phase variable up to 

± 5 VRMS and capable of being turned off. This voltage is applied 
to the following DSKY connector pins as the designated signals. 

NAV DSKY MAIN DSKY 


Signal - Name 


J9 Conn. Pin Signal - Name 


J9 Conn. Pin 


W-343 115V 400 cps 38 

W-344 115V 400 cps RET 40 


W-437 115V 400 cps 38 

W-438 115V 400 cps RET 40 


3.1.3 Input Sync Pulse. An 800 ± 16 cps sync pulse shall be 

applied to the DSKY assemblies through the following connector pins. 


Signal - Name DSKY J9 Connector Pins 

Main Nav 

CC212 ELSNCN - 7 

CC242 ELSNCM 7 - 

3.1.4 Legend Brightness Control. The brightness of the legends 

(NOUN, VERB, PROGRAM, and the horizontal bars above each register) 
shall be variable from OFF to maximum brightness by input signals to 
the DSKY connectors as followss 


Signal 

- Name 

DSKY J9 Connector Pins 



Main 

Nav 

WD345 

DIMMER 

- 

5 

WD346 

DIMMER RET. 

• 

4 

RD442 

DIMMER 

5 

- 

WD443 

DIMMER RET. 

4 

- 

3.1.5 

Keyboard. With 

all keys except 

"STBY" individually pressed, 


signals DE201 through DE205 from the NAV DSKY and signals DE253 through 
DE257 from the Main DSKY shall produce the codes specified in Table 
3-1. With no keys except STBY depressed, signal D-206 from the NAV 
DSKY and signal D-209 from the Main DSKY shall be present. Keys RSET 
and STBY on each DSKY shall produce signals D-207 and D-208, respec¬ 
tively, when pressed. 

3.1.6 Flashing Alarm Characters. With the flashing timing pulse, 

signals CB236 and CB244, applied to pins 46 and 72 of J9, respectively, 
the alarm indicators KEY REL and OPR ERR shall flash. 










APOLLO G&N Specification 
PS 2016015 
Rev -_ 


3.1.7 Flashing Noun Characters. With the Flasher Timing Pulse, 
signal CB238 applied to pin 70 of J9 and the Noun numerical characters 
programmed for 8's (ref. Tables 3-2 and 3-3), the numerical charac¬ 
ters shall flash. 


3.1.8 Flashing Verb Characters. With the Flasher Timing Pulse, 
signal CB238, applied to pin 70 of J9 and the Verb numerical characters 
programmed for 8's (ref. Tables 3-2 and 3-3), the numerical characters 
shall flash. 


3.1.9 Numerical Electroluminescent Indicators. With the appropriate 
RLYWD and RLYBT combinations of logic "ones" and "zeros" applied as 
specified in Tables 3-2 and 3-3, the corresponding Noun, VERB, and 
Program legend numerical characters and the numerical characters of 
all registers shall be displayed. 


3.1.10 Isolated Relay Indicators. When the codes specified in 
Table 3-4 are present, the corresponding isolated relay indicator shall 
be illuminated. Contact closure shall exist between pins of J9 as 
specified in Table 3-4. 


3.1.11 Status and Caution Indicators. With the signal applied to 
an input pin of J9 as specified in Table 3-5 the corresponding status 
or caution indicator shall be illuminated. Contact closure shall 
exist between pins of J9 as specified in Table 3-5. 
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KEY 


KEY REL 
VERB 
NOUN 
ENTR 
CLR 
+ 


0 

1 

2 

3 

4 

5 

6 

7 

8 
9 

RSET 

STBY 


TABLE 3-1 KEY CODES 
OUTPUT PINS 

DE257 DE256 DE255 DE254 DE253 D-206 D-208 D-207 

DE205 DE204 DE203 DE202 DE201 D-209 D-208 D-207 



MAIN 

NAV 

SIGNALS 


6 
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TABLE 3-5 STATUS AND CAUTION INDICATORS 
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57 and 83 SD439A ISS WARNING SD351 ISS WARNING 

54 and 83 . WD439C ISS WARNING SD351 ISS WARNING 

82 and 81 WD452 ISS WARNING SD324C ISS WARNING 


Pin 57 of connector J9 is common for SD signals 342, 351, 352, and 439 thru 441 
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3.1.12 Thermal Cycle Extremes. The DSKY shall be subjected to 
the thermal cycle specified below. The AGC shall be exercised using 

a rope program during the thermal cycle. The DSKY shall be pressurized 
at 2.0 ± 0.2 psig at 25°C ± 3°C. 

a. Set ambient temperature to 0°C +0C° for 8 ± 1 hours 

-2.8C° 

(power OFF and computer installed on.coldplate)• 

b. Increase the ambient temperature to 65°C +2.8C° in 

-0C° 

not less than 40 minutes. This temperature shall 
be maintained for 3 hours. 

c. Decrease the ambient temperature to 0°C +0C° in 

-2.8C° 

not less than 40 minutes. This temperature shall be 
maintained for 1.5 hours. 

d. Increase the ambient temperature to 65°C +2.8C° in 

. -0C° 

not less than 40 minutes. This temperature shall be 
maintained for 1.5 hours. 

e. Decrease the ambient temperature to 0°C +0C° in not 

-2.8C° 

less than 40 minutes. This temperature shall be 
maintained for 1.5 hours. 

f. Increase the ambient temperature to 65°C +2.8C° in 

-0C° 

not less than 40 minutes. This temperature shall be 
maintained for 1.5 hours. 

g. Decrease the ambient temperature to room ambient 
(approxi. 25°C) in not less than 20 minutes. 

3.1.13 Vibration. The DSKY shall be exercised using a rope 
program while subjected to the random vibration limits specified belows 
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3.1.12 Thermal Cycle Extremes. The DSKY shall be subjected to 
the thermal cycle specified below. The AGC shall be exercised using 

a rope program during the thermal cycle. The DSKY shall be pressurized 
at 2.0 ± 0.2 psig at 25°C ± 3°C. 

a. Set ambient temperature to 0°C +0C° for 8 ± 1 hours 

-2.8C° 

(power OFF and computer installed on. coldplate)• 

b. Increase the ambient temperature to 65°C +2.8C° in 

-0C° 

not less than 40 minutes. This temperature shall 
be maintained for 3 hours. 

c. Decrease the ambient temperature to 0°C +0C° in 

-2.8C° 

not less than 40 minutes. This temperature shall be 
maintained for 1.5 hours. 

d. Increase the ambient temperature to 65°C +2.8C° in 

* -0C° 

not less than 40 minutes. This temperature shall be 
maintained for 1.5 hours. 

e. Decrease the ambient temperature to 0°C +0C° in not 

-2.8C° 

less than 40 minutes. This temperature shall be 
maintained for 1.5 hours. 

f. Increase the ambient temperature to 65°C +2.8C° in 

-0C° 

not less than 40 minutes. This temperature shall be 
maintained for 1.5 hours. 

g. Decrease the ambient temperature to room ambient 

s (approxi. 25°C) in not less than 20 minutes. 

3.1.13 Vibration. The DSKY shall be exercised using a rope 
program while subjected to the random vibration limits specified below: 
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3.1.13.1 The Random vibration shall be Gaussian distributed with 
the exception that magnitude limiting shall occur at a peak to rms "o" 
ratio of 3 to 1. 

Vibration in each of three mutually perpendicular axis 
shall be for 2 minutes as follows: 3DB/octave Rollup 10 HZ to 
0.04gVHZ at 70 HZ, 0.04g 2 /HZ to 420 HZ, 3DB/octave Rolloff from 
420 HZ to 2000 HZ. 

Tolerance limits between 10 HZ and 50 HZ shall be ± 3DB; 
♦Tolerance limits between 50 HZ and 1000 HZ shall be ± 1.5DB; 
Tolerance limits between 1000 HZ and 2000 HZ shall be ± 3DB; 

♦In the event the ± 1.5 db from 50 to 1000 HZ cannot be met with exis¬ 
ting facilities, the tolerance may be broadened to ± 3 db providing 
the overall g rms level is held to ± 10 percent. 

3•1.14 Leak Rate. With each DSKY pressurized to 30.0 ± 1.0 psia 
with dry nitrogen at 25°C ± 2C<>, the leak rate shall not exceed 
1.0 psia for a period of 24.0 ± 0.5 hours. 

Aging. The DSKY shall have accumulated not less than two 
hundred hours operating time prior to completion of test. 

3.1.16 Spare and Not Connected Terminals. The following DSKY 
connector J9 pins are provided as spare and NC terminals. 


Connector J9 
Pin Numbers 

Signal 

Designation 

75 


W-210 

SPARE 

74 


W-213 

SPARE 

73 


W-241 

SPARE 

13 


W-246 

SPARE 

34 

(N) 

SD326 

SPARE 

37 

<N) 

SD328 

SPARE 

56 

(M) 

SD444 

SPARE 

34 

(M) 

SD445 • 

SPARE 


t 
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3.1.13.1 The Random vibration shall be Gaussian distributed with 
the exception that magnitude limiting shall occur at a peak to rms H g" 
ratio of 3 to 1. - 

Vibration in each of three mutually perpendicular axis 
shall be for 2 minutes as follows: 3DB/octave Rollup 10 HZ to 
0.04g 2 /HZ at 70 HZ, 0.04g 2 /HZ to 420 HZ, 3DB/octave Rolloff from 
420 HZ to 2000 HZ. 

Tolerance limits between 10 HZ and 50 HZ shall be ± 3DB; 
♦Tolerance limits between 50 HZ and 1000 HZ shall be ± 1.5DB; 
Tolerance limits between 1000 HZ and 2000 HZ shall be ± 3DB? 

♦in the event the ± 1.5 db from 50 to 1000 HZ cannot be met with exis¬ 
ting facilities, the tolerance may be broadened to ± 3 db providing 
the overall g rms level is held to ± 10 percent. 

Leak Rate, With each DSKY pressurized to 30.0 ± 1.0 psia 
with dry nitrogen at 25°C ± 2C©, the leak rate shall not exceed 
1.0 psia for a period of 24.0 ± 0.5 hours. 

3.1.15 Aging. The DSKY shall have accumulated not less than two 
hundred hours operating time prior to completion of test. 

3.1.16 Spare and Not Connected Terminals. The following DSKY 
connector J9 pins are provided as spare and NC terminals. 


Connector J9 
Pin Numbers 

Signal 

Designation 

75 


W-210 

SPARE 

74 


W-213 

SPARE 

73 


W-241 

SPARE 

13 


W-246 

SPARE 

34 

(N) 

SD326 

SPARE 

37 

(N) 

SD328 

SPARE 

56 

(M) , 

SD444 

SPARE 

34 

(M) 

SD445 ‘ 

SPARE 


I _ 
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3.2 PRODUCT CONFIGURATION 

3*2.1 Drawings. The configuration of the assembly shall be in 

accordance with Apollo G&N Drawing 2003994 and all drawings and engi¬ 
neering data referenced thereon. 

3*2.2 Weight. The weight of each DSKY shall be measured and recorded. 

4. QUALITY ASSURANCE PROVISIONS 

4.1 GENERAL. The contractor responsible for the manufacture of 

the assembly shall be responsible for the accomplishment of each test 
required herein. See Table 4-1, Product Performance and Configuration 
Requirement/Quality Verification Cross Reference Index. 

TABLE 4-1 

Requirement - * JDC Requirement - JDC 


3.1.1 

3.1.2 

05438 

05422,05423 

3.1.10 

05433,05435 

3.1.2.1 

05422,05423 

3.1.11 

05433,05435 

3.1.2.2 

05422,05423 

3.1.12 

05430 

3.1.3 

05433,05435 

3.1.13 

05436 

3.1.4 

05433,05435 

3.1.13.1 

05436 

3.1.5 

05433,05435 

3.1.14 

05431 

3.1 6 

05433,05435 

3.1.15 

05429 

3.1.7 

05433,05435 

3.1.16 

N.A. 

3.1.8 

05433,05435 

3.2.1 

05426# 05438 

3.1.9 

05433,05435 

3.2.2 

05428 
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3.2 PRODUCT CONFIGURATION 

3.2.1 Drawings. The configuration of the assembly shall be in 

accordance with Apollo G&N Drawing 2003994 and all drawings and engi¬ 
neering data referenced thereon. 

3*^«2 Th® weight of each DSKY shall be measured and recorded. 

4. QUALITY ASSURANCE PROVISIONS 

4.1 GENERAL. The contractor responsible for the manufacture of 

the assembly shall be responsible for the accomplishment of each test 
required herein. See Table 4-1, Product Performance and Configuration 
Requirement/Quality Verification Cross Reference Index. 



TABLE 

4-1 


Reauirement 

3.1.1 

3.1.2 

- • JDC 

05438 

05422,05423 

Reauirement 

3.1.10 

- JDC 

05433,05435 

3.1.2.1 

05422,05423 

3.1.11 

05433,05435 

3.1.2.2 

05422,05423 

3.1.12 

05430 

3.1.3 

05433,05435 

3.1.13 

05436 

3.1.4 

05433,05435 

3.1.13.1 

05436 

3.1.5 

05433,05435 

3.1.14 

05431 

3.1 6 

05433,05435 

3.1.15 

05429 

3.1.7 

05433,05435 

3.1.16 

N.A. 

3.1.8 

05433,05435 

3.2.1 

05426,05438 

3.1.9 

05433,05435 

3.2.2 

05428 
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4.1.1 Test Conditione 

4.1.1.1 Environmental. The assembly 
ing ambient conditions! 

a. Temperatures 

b. Relative Humiditys 

c. Barometric Pressures 


shall be tested under the follow- 

25 0 ± 10°C 
90% max 

28 to 32 inches of Hg 


4* 1 * 2 nonconforming Units. Failure of the unit to pass any exami¬ 
nation or test of this specification shall automatically classify the 
unit as nonconforming. Each nonconforming unit corrected by the x 
contractor shall be reinspected. Reinspection may be limited to the 
test or examination trtiich defined the nonconformance, or, when directed 
by the cognizant inspector, a complete retest and re-examination may 
be required. Nonconforming unite which have not been corrected will 
be considered for acceptance only upon formal application by the 
contractor to the cognizant NASA representative. 


4.2 TESTS 


4*2.1 Drawing Compl iance . The assembly shall be visually examined 
for compliance to the requirements of APOLLO G&N Drawing 2003994. 
Particular attention shall be given to inspection for damage to sur¬ 
faces, structure, and equipment, including contaminants, pin misalign¬ 
ment, and legibility and appearance of marking. 


4.2.2 Acceptance Tests. All tests shall be performed using the 
JDC's listed herein in the order specified in the Assembly Test Pi mi 
as followss 


J 
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4.X.1 Test Conditions 

4.1.1.1 Environmental. The assembly shall be tested under the follow- 
ing ambient conditional 

a. Temperatures 25° ± 10°C 

b. Relative Humiditys 90* max 

c. Barometric Pressuret 28 to 32 inches of Hg 


4 - 1 - 2 Nonconforming Units. Failure of the unit to pass any exami¬ 
nation or test of this specification shall automatically classify the 
unit as nonconforming. Each nonconforming unit corrected by the 
contractor shall be reinspected. Reinspection may be limited to the 
test or examination trtiich defined the nonconformance, or, when directed 
by the cognizant inspector, a complete retest and re-examination may 
be required. Nonconforming units *diich have not been corrected will 
be considered for acceptance only upon formal application by the 
contractor to the cognizant NASA representative. 


4.2 TESTS 


drawing Compliance. The assembly shall be visually examined 
for compliance to the requirements of APOLLO G&N Drawing 2003994. 

attention shall be given to inspection for damage to sur¬ 
faces, structure, and equipment, including contaminants, pin misalign¬ 
ment, and legibility and appearance of marking. 


4.2.2 Acceptance Tests. All tests shall be performed using the 
JDC's listed herein in the order specified in the Assembly Test Plan 
as followsi 










^•2.2.1 Assembly Test Plan, 
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4.2.2.2 List of JDC'si 

05421 Equipment Set-Up 

05422 Equipment Power Turn-On 

05423 Computer Power Turn-On 

05424 Marginal Voltage Test 

05425 GoJam Initilization Test 

05426 DSKY Mechanical Inspection 

05427 DSKY Visual Inspection 

05428 DSKY Weight Measurement 

05429 Long Term Aging / 

05430 Thermal Cycling Test C 

05431 DSKY Leak Test 

05432 Automatic Newspeak Test 

05433 DSKY Test (Indicators & Keyboard) 

05434 Standby E-Memory Test 

05435 DSKY Space Craft 8ignals 

05436 Vibration Test-DSKY 

05437 CTS Control of Newspeak 

05438 DSKY Test Data 

05439 Transient Voltage Test 

5. PREPARATION FOR DELIVERY 

5.1 GENERAL. Preparation for delivery shall be in accordance 

with Specification ND 1002214. The DSKYs shall be pressurized for 
shipment at 2.0 ± 0.5 psig with dry nitrogen at ambient room tempera¬ 
ture. 

6. NOTESi None. 
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3*1*9 Sense Outputs* With the input and tiling waveform as 
specified in paragraph 4*2*9, the sense outputs shall be ss specified 
In Figure 3 end as follows: 

3.1.9.1 The Maximus ouput on MFT snd sense lines; parity through sign 
shall be as followst 

V a V HMT 350 av at 25^0 
P It 

The minimal output on the MFT shall be as follows t 
V p IV M MLT 145 ay at 25°C 
4 V„ MLT 175 ay at -10°C 

y p a V M MLT 120 ay at 70°C 

* 

The slnlaus V. output on sense lines -10*C • 50 MF, +25*C ■ 45MF 

_ > * V ^ - X *■ ' - ** .470-C-43MF. 

Test Sequences 

A* Ambient Ilectrical Test Humber One 
B* Thermal Conditioning per 3.1.1. 

C* Vibration per 3.1.11 

O* Thermal Bxtreass Ilectrical Test per 3.1.10 

Continuity and Isolation Tests per 3.1.5 and 3.1.3 
L Ambient Temperature Test Humber Two. 

The MFT V p niniaua and V M minimal shall not change by more 
than a 25 ay from Ambient Test Humber One to Ambient Test 
Humber Two* 

40.05 

3.1.9.2 ^Sg^se line aero noise (V Q msssured hetween 1.1.-0.05.pec - 
and 2.3 -0.05 jpec after the start of Logic Reset (FR) shall be 
HMT 25 av. See Figure 3. 

3.1.9.3 An all sero output shall occur when Logie STAGAT is sero* 
V Q aax - HMT 5 av, 1.1 to 2.3 nsec after RSBT. 
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3.1.1 

3.1.2 

3.1.3 

3.1.4 

3.1.5.1 

3.1.5.2 

3.1.5.3 

3.1.7 

3.1.8 

3.1.9.1 
3.1.9*2 

3.1.9.3 

3.1.9.4 

3.1.10.1 

3.1.10.2 , 
3.1.11 

3.2.1 

3.2.2 


4.2.2 

4.2.3 

4.2.4 

4.2.5 

4.2.6.1 

4.2.6.2 

4.2.6.3 

4.2.7 

4.2.8 

4.2.9.1 

4.2.9.2 

4.2.9.3 

4.2.9.4 

4.3.1.1 

4.3.1.2 

4.3.2 
4.2.1 
4.2.10 


4.1.1 Teat Conditions 


4.1.1.1 Evironmental. Unless otherwise specified, the asseniblies 
shall be tested under the following ambient conditional 

a. Temperature 25°c 8 10C° 

b. Relative Humidity 90% max 

c. Barometric Pressure 28 to 32 inches of Hg. 

4.1.2 Monconforming units. Failure of the unit to pass any 
examination or test of this specification shall automatically class- 
fy the unit as nonconforming. Bach nonconforming unit corrected 

the contractor shall be reinspected. Reinspection may be limited 
the test or examination which defined the nonconformance, or, 
m directed by the cognisant inspector, a complete, retest and re¬ 
examination may be required. Nonconforming units which have not 
been corrected will be considered for acceptance only upon formal 
application by the contractor to the cognisant NASA representative. 

4.1.3 Input Voltage. Input voltage, when required, shall be 
as specified in Paragraph 3.1.3. 
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3.1.7.2 With the input voltage adjusted to 16.5 ± 0.1 VDC, and an 
ambient temperature of -10°C +0C° , the module shall operate as 

-2.8C° 

specified in sections 3.1.5 and 3.1.6, except threshold voltage shall 
be 35 +7 mv, PNP output amplitudes may increase by 20%, and the gain 
-4 

resolution of Paragraph 3.1.5.3 shall be NMT 4.2 mv. The only times 
measured shall be: 

T 70 +40 

2 -20 ns 


T 5 ' T 6 


8 

T OFF 


140 +80 

-40 ns 

160 +140 
-60 ns 

NMT 125 ns 
NMT 1.125 US 
NMT 0.45 U« 


3.1.7.3 With the input voltage adjusted to 16.5 ± 0.1 VDC, and an 
ambient temperature of 70°C +2.8C°, the module shall operate as speci- 

-0C° 

fied in sections 3.1.5 and 3.1.6, except threshold voltage shall be 
35+4 mv, PNP output amplitudes may increase by 20%, and the gain reso- 
-7 

lution of Paragraph 3.1.5.3 shall NMT 4.2 mv. The only times measured 
shall be; 


4. 

5. 

6 . 


V 


*2 

T 4 

T 7 


70 +40 
-20 ns 
140 +80 
-60 ns 
180 +140 
-60 ns 


*8 

T OFF 


NMT 125 ns 
NMT 1.125 US 
NMT 0.45 US 

QUALITY ASSURANCE PROVISIONS: Same as PS 2003981 
PREPARATION FOR DELIVERY: Same as PS 2003981 
NOTES: None 
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Switched to Negative Polarity 
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APOLXX) G&M Specification 
PS 2016017 * I 

Sev -_ • *|. 

• ’ . .1 


1. 


SCOPS 


Thi» specification establishes the detail requirements * 
for complete identification and acceptance of the Fixed Memory 
8enee Amplifier Module Part Humber 2003981-031. 

2.. * ' APPLZCABLK DOCUMENTS * Sme as PS 2003981 

3. . , RBQOIRSMBSTSi Sane aa PS 2003981 except aa etate^ below. 

3.1.6 Delay Time 

3.1. ^.1 Strobe Driver Output (8TROBE, 8TROBF). The Strobe Driver 
output Shall be aa shown in Figure 2, and shall have the following 
characteristics when an input as specified in section 4.1.5.2 in 

• applied. 


Amplitude (high) 
Amplitude (low) 
Rise Time (t ) 

*2 

T OFF 


RMT 1.0V below B+ 
4.4 ± 0.4V below B+ 
SMT 60 nanosec 

70 ± 20 nanosec 
*MT 0.375 |isec 


: -r 


.3«l.t Marginal Voltages and Temperature Extremes. 

3.1.7.1 • With the input voltage adjusted to 12.2 ± 0.1 VDC, end 
an gmbient temperature of -10°C +0C° , the module Shall operate 

—2.SC® 

as Specified in sections 3.1.5 and 3.1.6, except threshold voltage 
• shall be 35 +7 mv, and PSP output amplitudes stay decrease by 20%. 

. . -4 • 

The only times measured Shall bet ' * * . 


V 


*2 ’ 

70 440 -20 na 

* * 

*4 

140 400 -40 ns 

; . 1 

T 7 • 

ISO 4140 -60 n. 

’ •* 

T 6 

MT 125 na 

.* • j. 

V 

mtt 1.125 ua 


T OFF 

wr 0.45 ua 

••*. • *? 

. * ' * i 



• r s • 1 


1- 


•4 







p 


; i 
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*• V 


■! v 


! 


■ f 


p 

> i .» 


3.1.7.2 With the input voltage adiuat^ ic k ^ A . ‘I s 1 

r t— r 

“.xTbi^r 1 ♦7 B ^* C Lirwp ” C,pt ‘hr..hold voXt«,. ‘ ■ *• 


: .h,xx * 35 * «/o UtP ri P1 i i^.TS s^rssr, • 

. tiaaa Mtnrtd .hall b«i *’ i'. • 

• • ‘ '••.**. '• 

++• V-tof .%•/• * 

* • * . ## . .;• • • • 

• • • • . * • • 

V • . • • • 


i ! 

i* 


I) 

, K 
’ I • 

H 

j 


T S #T 6 


8 

t orp 


70 -HO 
*20 ne 
140. 460 
•40 ne 

ISO 4140 
-60 ne 

SMT 125 ne 
NMT 1.125 |ie 


NMT 0.45 ue 




U'* 


r 3 .*.^’ 7 * 3 With th * input vpltag. adjusted to 16.5 * 0.1 VDC, »«* ' 

“ •“ biant t " p,r, tur- of 70°C ^1°! th. «odul. .h.11 c*.r.t. J * •* 

4 m . . . . . 


•pecified infractions 3.1.5 and 3.1.6, except threshold voltag. 
•hall be 35 +$ ev, and pnp output amplitudas M y 

increase by 20%. Th. only tin*. sMasured shall ba< 


T2 

T4 

T7 


- -1o° * 
140 ^40 " 
180 -M 0 


T5 # 

T8 

T OFP 


T6 


4. 

5. 

6. 


NMT 125 ns 
NMT 1.125 |iS 
NMT 0.45 |is 

QUALITY ASSURANCE PROVISIONSs Same as PS 2003981 
PREPARATION FOR DELIVERYt Same as PS 2003981 
NOTES* None 
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Mv - 'j • • •• . 


th, t input VOlt * 9- to 16.5 * 0.1 Voci and '• 

an -blent t..p«r.tar« of -10°C aoc® . the .odule ah.ll opart. • 

• * _2a8C° * * 

taga .hall ba 18 +7 mv, and Vn output aavlltudaa aw iacraaae. by 
• -4 .. # 4 v 

. 3°*. only tlMa aeaaured ah all fe. t * 1 .! • 

V 70 .♦«<> .. * : •! : 


: V t 6 


*70 440 
-20 n» 

140 480 
-40 ns 

180 4140 
-60 na 

MMT 125 na 
MMT 1.125 |ia 


•*i a* 


. .TOFF MMT 0.45 *is / 

. • * *1 | 

3.1.7.3 With the input voltage adjusted to 16.5 ± 0;1 VDC. and an 

ZZSEJr****™ ° £ 70OC ±lcF°' th# oper.;. .. 

. >»P«ragrapha 3.1.5 and 3.1.6 # except threshold voltage 

shall be 18 44 «y # and PNP output amplitudes may 

increase by 20%. The only times measured shall bet 

T2 70 3o «• 

T4 140 i|g „ s 

t 7 180 ♦IJO M 

T5 # T6 NMT 125 ns 

T8 MMT 1.125 pis 

T OFF MMT 0.45 p* 

4. QUALITY ASSURANCE PROVISIONSt Same as PS 2003982 

5. PREPARATION FOR DELIVERY! Same as PS 2003982 


MOTESt None 
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1.0 SCOPE 

This specification sstablishss ths dstall requirements 
for complete identification and acceptance of the Apollo 
Guidance Computer, and DMT, Part Number 2003993 *021 and -031 
and 2003200*051, hereinafter called the AGO and the Dis¬ 
play and Keyboard Assy, Part Humber 2003994-011 and *021 
hereinafter ealled the DSKY. ' 

2.0 APPLICABLE DOCUMENTSt Smas as PS 2016007. 

3.0 REQUIREMENTS! Smae as PS 2016007 except Paragraph 3.1.1.18 
ehere Signal D-207 of Table 3-9 "Input Signals" shall read 
as follows 


SIGNAL 

AGC 

CONNECTOR A51 

DSKY CONNECTOR J9 

CHANNEL-BIT 

NAME 

PIN 

NUMBER 

PIN NUMBER 

POSITION and 
BIT CONTENT 

D-207 STBY 


502 

28 (MAIN6MAV) 

CH32-14 EERO 


NOTBs The requiresmats of PS 2016007 shall not apply to D6XY 2003950. 
4.0 QUALITY ASSURANCE REQUIREMENTS! Same as PS 2016007 except 
Paragraph 4.1, Table 4-1, shall be as follows for 
Requirement 3.1.1.18 


REQUIREMENT 
3.1.1.18 - 



Paragraph 4.2.2 

JDC listing shall have the following added 
05333 Astronaut Proceed Test 

Assembly Test Plan shall be modified as follows! 



*4 PROGRAM TESTS 



05370 

05378 



05375 

05379 



053 76 

05380 



05377 

05333 
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ADDENDUM NOTICE 

This Specification has been prepared as an Addendum tos 
Specification No. PS 2016007 __ 

Revi si o n J 

FOR 

APOLLO GUIDANCE COMPUTER SUBSYSTEM 


The exact content of specification PS 2016007 used as the 
basic document for this addendum is the revision referenced 
above, and the exceptions stated below. 
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1.0 SCOPE 

This specification establishes the detail requirements 
for complete identification and acceptance of the Apollo 
Guidance Computer, and D8KT, Part Number 2003993-821, *031 and -041 
and 2003200*051, hereinafter called the AGC and the Dis¬ 
play and Keyboard Assy, Part Number 2003994-011 Mid -021, 
hereinafter called the DSKY. 

2.0 APPLICABLE DOCUMENTSs Sane as PS 2016007. 

3.0 REQUIREMENTSs Same as PS 2016007 except Paragraph 3.1.1.18 

%*iere Signal D-207 of Table 3-9 "Input Signals" shall read 
as followsi 


SIGNAL 

NAME 

AGC 

PIN 

CONNECTOR A51 
NUMBER 

DSKY CONNECTOR J9 
PIN NUMBER 

CHANNEL-BIT 
POSITION and 
BIT CONTENT 

D-207 STBY 

502 

28 (MAIN&NAV) 

013 2-14 ZERO 


NOTBs The requirements of PS 2016007 shall not apply to DSKY 2003950. 
4.0 QUALITY ASSURANCE REQUIREMENTS! Same as PS 2016007 except 
Paragraph 4.1, Table 4-1, shall be as follows for 
Requirement 3.1.1.18 


REQUIREMENT 
3.1.1.18 - 



JDC 
05361 
053 76 
05378 
05333 


Paragraph 4.2.2 

JDC listing shall have the following added 
05333 Astronaut Proceed Test 


Assembly Test Plan shall be modified as follows! 


*4 PROGRAM TESTS 1 

05370 

05378 

05375 

05379 

05376 

05380 

05377 

05333 
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PROCUREMENT SPECIFICATION 

PRODUCT CONFIGURATION AND ACCEPTANCE TEST REQUIREMENT 
APOLLO GUIDANCE COMPUTER SUBSYSTEM 

DRAWING NO. 2003993 and 2003994 


Racord of Revisions 
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ADDENDUM NOTICE 

This Specification has been prepared as an Addendum to: 
Specification No. PS 2016007 
Revisio n D 

FOR 

APOLLO GUIDANCE COMPUTER SUBSYSTEM 


The exact content of specification PS 2016007 used as ths 
basic document for this addendum is ths revision referenced 
above, and the exceptions stated below. 
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1.0 SCOPE 

This specification establishes the detail requirements 
for complete identification and acceptance of the Apollo 
Guidance Computer, and DSKT, Part Number 2003993 -021 and -031 
and 2003200-^051, hereinafter called the AGC and the Dis¬ 
play and Keyboard Assy, Part Number 2003994-011 hereinafter 
called the D6KY. 

2.0 APPLICABLE DOCUMENTS: Same as PS 2016007. 

3.0 REQUIREMENTS: Same as PS 2016007 except Paragraph 3.1.1.18 
vfoere Signal D-207 of Table 3-9 "Input Signals" shall read 
as follows: 


SIGNAL 

NAME 

AGC 

PIN 

CONNECTOR A51 
NUMBER 

DSKY CONNECTOR J9 
PIN NUMBER 

CHANNEL-BIT 
POSITION and 
BIT CONTENT 

D-207 STBY 

502 

28 (MAIN&NAV) 

CH32-14 ZERO 


NOTE: The requirements of PS 2016007 shall not apply to DSKY 2003950 
4.0 QUALITY ASSURANCE REQUIREMENTS: Same as PS 2016007 except 
Paragraph 4.1, Table 4-1, shall be as follows for 
Requirement 3.1.1.18 


REQUIREMENT 
3.1.1.18 - 


Paragraph 4.2.2 


JDC 
05361 
053 76 
053 78 
05333 


JDC listing shall have the following added 


05333 Astronaut Proceed Test 


Assembly Test Plan shall be modified as follows 
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5.0 PREPARATION FOR DELIVERY: Same as PS 2016007. 
6.0 NOTES: None 
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SCOPE 


This specification establishes the detail requirements 
for complete identification and acceptance of the Computer Test 
Set Assembly, Part Number 2014042-071, hereinafter called CTS. 

2. APPLICABLE DOCUMENTS. Same as PS 2014042. 

3. REQUIREMENTS t Same as PS2014042 except as stated belows 


3.1.4 AGC Stops. 

3.1.4.13 CTS Request (System Mode and WORD LOCK) BLOCK II only. 
3.1.9 Monitor. 


3.1.9.1 The CTS shall provide a means of trapping data in all 
CTS display registers excepting A and Fixed Extension. 
The data trap condition shall be enabled by the Counter 
Stop RPTR switch and an "OR" of the AGC Alarms 1, 2, 3, 
4, 5, 15, 16, 17, 18 and PARITY FAIL (BLOCK II only). 

3.1.17 System-Subsystem Test • 

3.1.17.2 DELETE 


3.1.18 Alarms. 


3.1.18.1 The CTS shall provide a means of inhibiting the AGC * 
Alarms 1, 2, 3, 4, 5, 15, 16, 17, 18 and Parity Fail 
upon the occurrence of any alarm above. Coincident 
Alarms shall be allowed (BLOCK II only). 

3.1.25 Interface. 

3.1.25.5.5.2 Block II PIPA. The CTS shall be. capable of driving 
the Block II AGC PIPA Input Counters in the ONE SHOT, 
TAPE READER and OUT-IN modes. 

3.1.25.5.5.3 Block II PIPA FREE RUN. The CTS shall be capable 
of driving all six or any five outputs of the six 
Block II PIPA Counter Inputs simultaneously. The 

• STANDARD RATE mode shall be used to test the both-pulse 
and no pulse PIPA ALARMS, and the TWO PHASE mode shall 
be used to test the missing pulse PIPA ALARM. 
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3.1.12 Vacuum. The nodule shall be capable of operating as 
part of an AGC in an atmosphere of NMT 1 mm/hg with coldplate 
coolant temperature at 35 ♦ 5°P. It shall produce the proper 
Self-Check and Parity Checks as applicable to that particular 
program assembly of which the module is a part. 

3.2 PRODUCT CONFIGURATION 

3.2.1 Drawings. The configuration of the assembly shall be 

in accordance with APOLLO G&N Dwgs. 2003972/2010802 and all 
drawings and engineering data referenced thereon. 

3.2.2 Weight. Weight of the module shall be recorded. 

4. QUALITY ASSURANCE PROVISIONS 

4.1 GENERAL. The responsible contractor of the assembly ^ 
shall be responsible for the accomplishment of each test required 
herein. See Table IV# Product Performance and Configuration 
Kequirement/Quality Verification Cross Reference Index. 


Requirements 

3.1.1 

3.1.2 

3.1.3 

3.1.4 

3.1.5.1 

3.1.5.2 

3.1.5.3 

3.1.7 

3.1.8 

3.1.9.1 

3.1.9.2 

3.1.9.3 

3.1.9.4 

3.1.10.1 

3.1.10.2 

3.1.10.3 

3.1.11 

3.1.12 
3.2.1 


TABLE IV 

Verification 

4.2.2 

4.2.3 

4.2.4 

4.2.5 

4.2.6.1 

4.2.6.2 

4.2.6.3 

4.2.7 

4.2.8 

4.2.9.1 

4.2.9.2 

4.2.9.3 

4.2.9.4 

4.3.1.1 

4.3.1.2 

4.3.1.3 

4.3.2 

4.3.3 
4.2.1 


Applicable JDC 

04255 
04255 
04255 
04255 
04255 
04255 
04255 
04255 
04255 
04255 
04255 
04255 
04255 
04255 
04255 
04256 
04255 
04257 
04255 


or 04258 
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TABLE III 


PIN NO. 

. to PIN NO. 

PIN NO. 

to 

PIN NO 

402 

102 

415 


115 

405 

105 

416 


116 

406 

106 

417 


117 

407 

107 

418 


118 

408 

108 

419 


119 

409 

109 

420 


120 

410 

110 

103 


104 

411 

111 

. 121 


122 

412 

112 

123 


124 

413 . 

113 

404 


403 

414 

114 

422 


421 



424 


423 

3.1.5.3 
less than 

The resistance" between 
6 ohms, nor more than 

pins 401 and 
25 ohms. 

101 

shall be 


3.1.6 Input Voltage. The assembly shall function as speci¬ 
fied herein when supplied with 14.0 ± 0.5 Vdc through a 3000 
ohm ± 5% resistor- to pin 201. 

r 3.1.7 Program Content. When the contents of the Fixed Memory 
Module* are compared to the tester tape programmed in accordance 
with ND 1002378, each core shall contain the correct information. 

3.1.8 Clear Mode. With the input and timing waveforms as 
specified in paragraph 4.2.8, the output waveform at the manufac¬ 
turer's test sense line (pins 101 and 401) shall be as shown in 
Figure 3 and defined as'follows: 

Zero.noise (Vq max), measured between 1.1 ± 0.05 jtsec 

and 2.3 ± 0.05 M.sec after the start of Logic Reset (FCR), 
shall be NMT 25 mv. ' 

♦NOTE: For tester tapes not prepared per ND 1002378 check sum 

fir parity checks may be made in an AGC computer . 
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3.1.12 Vacuum. The module shall be capable of operating as ' 
part of an AGO in an atmosphere of NMT 1 mm/Hg with coldplate 
coolant temperature at 35 .+ 5°F. It shall produce the proper 
Self-Check and Parity Checks as applicable to that particular 
program assembly of which the module is a part. 

3.2 PRODUCT CONFIGURATION 

3.2.1 Drawings. The configuration of the assembly shall be * 
in accordance with APOLLO G&N Dwgs. 2003972/2010802 and all 
drawings and engineering data referenced thereon. 

3.2.2 Weight. Weight of the module shall be recorded. 

4. QUALITY ASSURANCE PROVISIONS 

4.1- GENERAL. The responsible contractor of the assembly 

shall be responsible for the accomplishment of each test required 
herein. See Table IV, Product Performance and Configuration 
Requirement/Quality Verification Cross Reference Index. 


Reauirements 

TABLE IV 

Verification 

Applicable JDC 

3.1.1 

4.2.2 

04255 

3.1.2 

4.2.3 

04255 

3.1.3 

4.2.4 

04255 

3.1.4 

4.2.5 

04255 

3.1.5.1 

4.2.6.1 

04255 

3.1.5.2 

4.2.6.2 

04255 

* 3.1.5.3 

4.2.6.3 

04255 

3.1.7 

4.2.7 

04255 

3.1.8 ‘ 

4.2.8 

04255 

3.1.9.1 

4.2.9.1 

04255 

3.1.9.2 

4.2.9.2 

04255 

3.1.9.3 

412.9.3 

04255 

3.1.9.4 

4.2.9.4 

04255 

3.1.10.1 

4.3.1.1 

04255 

3.1.10.2 

4.3.1.2 

04255 

.. 3.1.10.3 

4.3.1.3 

04256 - 

3.1.11 

4.3.2 

04255 

3.1.12 

4.3.3 

04257 

3.2.1 

4.2.1 

04255 

3.2.2 

4.2.10 

04255 
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4.3.2 Vibration. Subject the module to the vibration limits 
specified in paragraph 3.1.11, and verify that the module meets 
the continuity requirements of paragraph 3.1.11. 

4.3.3 Vacuum. With the ambient atmospheric pressure vaired 
as specified in paragraph 3.1.12, test the module per JDC 04257 
and verify its successful performance, using a qualified computer 
and Dsky's. 


4.3.4 Qualified Computer. A computer shall be deemed qualified 
by successfully passing the following tests. 


JDC 05343 
05344 
05345 
05391 
05342 
05374 
05394 
05351 
05376 
05379 
05382 
05385 
05384 
05388 


Equipment Set-Up 

Equipment Power Turn-On 

Computer Power Turn-On 

E-Memoey Capacitor Selection 

Adder Voltage Frequency Test 

Marginal Frequency, Voltage, Thermal Test 

Transient Voltage Test 

Marginal Voltage Test 

Automatic Newspeak Test 

DSKY Test (Indicator & Keyboard) 

Standby E-Memory Test 
DSKY Spacecraft Signals 
Priority of Interrupts 
CTS Control of Newspeak 


4.3.5. Qualified Dsky's* A DSKY shall be deemed qualified by 
successfully passing the following tests: 


JDC 05343 
05344 
05345 
05391 
..... 05342 

05374 
05394 
’■ 05351 
05376 
05379 
05382 
05385 
05384 
05388 


Equipment Set-Up 
Equipment Power Turn-On . 

Computer Power Turn-On 

E Memory Capacitor Selection 

Adder Voltage Frequency Test 

Marginal Frequency, Voltage, Thermal Test 

Transient Voltage Test 

Marginal Voltage Test 

Automatic Newspeak Test 

DSKY Test (Indicator & Keyboard) 

Standby E-Memory Test 
DSKY Spacecraft Signals 
Priority of Interrupts 
CTS Control of Newspeak . 
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1. SCOPE 

1.1 This specification establishes the detail 

requirements for complete identification and acceptance of an 
Indicator, EL Digital (Modified), part numbers as specified 
on the assembly drawing 2003988. 

2. APPLICABLE DOCUMENTS 

The following documents form a part of this 
specification to the extent specified herein. 

2.1 Effective Issues. Unless otherwise specified 

herein. Military and Government Standards and specifications 
shall be the issue in effect on the date of request for pro¬ 
posal or invitation to bid. 

SPECIFICATIONS 

APOLLO G&N 

ND 1002367 Specification, Acceptance 

Retest Requirements, 

AGC/DSKYS. 

ND 1002214 General Specification, for 

Preservation, Packaging, 
Packing and Container Mark¬ 
ing of APOLLO Guidance and 
Navigation Major Assemblies, 
Assemblies, Subassemblies, 
Parts and Associated Ground 
Support Equipment. 

PS 2016035 Procurement Specification 

Product Configuration and 
Acceptance Test Requirements, 
Indicator, EL Digital. 
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DRAWINGS 

APOLLO G&N 

2004746 Indicator, Digital, Thermal 

Vacuum 

2003988 e/L and Cover Assembly 

(Copies of Specifications, Standards, Drawings, • Bulletins and 
Publications required by suppliers in connection with specific 
procurement functions should be obtained from the Procuring 
Activity or as directed by the Contracting Officer). 

2.2 Conflicting requirements. In the event of conflict 

between the requirements of the contract, this Specification and 
the documents listed in this section, the following order of 
precedence shall apply and the contractor shall notify MIT Apollo 
Management of the conflict as soon as it is determined. 

a. The contract 

b. This Specification 

c. Documents listed in this section. 

3. REQUIREMENTS 

3.1 PERFORMANCE. The EL Indicator shall be subjected 
to and meet the following requirements. 

3.1.1 As Received EL Indicator. The indicator to be 
used as a basis for modification shall be in accordance with 
PS 2016035 or the retest requirements of ND 1002367, Paragraph 

4.2.2 (b). Special attention should be given to the hermetic 
seal requirement and structural internal support. 

3.1.2 Modified EL Indicator. The modified indicator 
shall meet the following requirements. 
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3.1.2.1. Input Voltage. The assembly shall perform as 
specified below when supplied with 250 ± 10 VRMS, 800 ± 5 CPS, 
unless otherwise specified. 

3.1.2.2 Indicator Illumination. The input voltage speci¬ 
fied in Paragraph 3.1.2.1 shall be applied to the pin combinations 
specified in Table 3-1. All pins in Column "A" shall be connected 
together. All pins in Column "B" shall be connected together. 

The voltage shall be applied between pins in Column "A" and/or 
"B" and ground (pins 155 and 156) and the corresponding portions 
of the EL Panel shall illuminate after subjection to the thermal 
cycle requirements of 3.1.3 and vibration requirements of 3.1.4 
and a vacuum environment of 10 ” 2 TORRi 


TABLE 3-1 


A-Pins 

B-Pins 

1 thru 7 Inc. 

8 thru 14 Inc. 

15 thru 21 Inc. 

22 thru 28 Inc. 

29 thru 35 Inc. 

38 thru 44 Inc. 

45 thru 51 Inc. 

52 thru 58 Inc. 

59 thru 65 Inc. 

66 thru 72 Inc. 

75 thru 81 Inc. 

82 thru 88 Inc. 

89 thru 95 Inc. 

96 thru 102 Inc. 

103 thru 109 Inc. 

119 thru 125 Inc. 

112 thru 118 Inc. 

133 thru 139 Inc. 

126 thru 132 Inc. 

147 thru 153 Inc. 

140 thru 146 Inc. 

154 

110 

111 

73 

74 

36 

37 

157 

159 

160 
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3.1.2.3 Safety Glass Bond. The optical cement used to 
bond the safety glass shall show no discoloration, cracking, 
crazing or other signs of substandard workmanship when examined 
under ten (10X) magnification. 

3.1.2.4 Structural Integrity. The modified indicator shall 
withstand an external vacuum of less than 10-2 TORR without sustain¬ 
ing damage to the glass, or safety glass bond. 

3.1.2.5 Transmittance. The entire modification process and 
subsequent quality testing shall cause no more than 25% loss in 
light intensity when compared to the as .received condition. 

3.1.3 THERMAL CYCLE 

The Assembly shall perform as specified in paragraph 3.1.2.2 
after being thermal cycled. The Assembly shall be subjected to the 
thermal cycle specified below: 

a. Decrease the ambient temperature from room ambient 
(approx. 25°C to 0°C + 0°C in not less than 20 minutes 

-2.8°C 

This temperature shall be maintained for 30 minutes. 

b. Increase the ambient temperature to 65°C + 2.8°C in not 

- 0°C 

less than 40 minutes. This temperature shall be main¬ 
tained for 30 minutes. 

c. Decrease the ambient temperature to 0°C + 0°C in not 

- 2.8°C 

less than 40 minutes. This temperature shall be main¬ 
tained for 30 minutes. 

d. Increase the ambient temperature to 65°C + 2.8°C in not 

- 0°C 

less than 40 minutes. This temperature shall be main¬ 
tained for 30 minutes. 

e. Decrease the ambient temperature to 0°C + 0°C in not 

-2.8°C 

less than 40 minutes. This temperature shall be main¬ 
tained for 30 minutes. 
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3.1.3 THERMAL CYCLE (Cont.) 

f. Increase the ambient temperature to 65°c + 2.8°C in not 

- “0°c 

less than 40 minutes.- This temperature shall be maintained 
for 30 minutes. 

g. Decrease the ambinet temperature to room ambient (approx. 

25 C) in not less than 20 minutes. 

3.1.4 Vibration. The assembly shall perform as specified in para— 
graph 3.1.2.2 after being vibrated. 


3.1.4.1 Vibration Limits. The assembly shall be subjected to 

sinusoidal vibration as follows: 


a. Frequency Range 


20 to 2000 to 20 CPS 


b. Frequency Sweep Rate 


1 octave/minute for a total 
traversal time of 15 minutes 


c• Acceleration 


10 g's peak from 40 to 2000 to 
40 CPS 


d• Amplitude 


0.12" D.A. from 20 to 40 and 
40 to 20 CPS 


e• Planes 


each of three mutually perpen¬ 
dicular axes 


3.2 PRODUCT CONFIGURATION 

3.2.1 Drawings. The configuration of the modified indicator shall be 

in accordance with APOLLO G&N Drawing 2003988 and all drawings and 
engineering data and processes referenced thereon. 
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4. QUALITY ASSURANCE PROVISIONS 

4«1 GENERAL. The contractor responsible for the modification 

of the assembly shall, be responsible for the accomplish¬ 
ment of each test required herein. See Table 4-1 , Product 
Performance and Configuration Requirement/Quality Verifi¬ 
cation Cross Reference Index. 


TABLE 4-1 


Requirement 

Verification 

3.1.1 

4.2.1 

3.1.1 

4.2.2.4 

3.1.2.1 

4.2.1 

3.1.2.2 

4.2.1 

3.1.2.3 

4.2.2.3 

3.1.2.4 

4.2.2.3 

3.1.2.5 

4.2.2.5 

3.1.3 

4.2.2.1 

3.1.4 

4.2.2.2 
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4.1.1 Nonconforming Unit*. Failure of the unit to pas* any 
examination or test of this specification shall automatically classify 
the unit as nonconforming. Each nonconforming unit corrected by the 
contractor shall be reinspected.. Reinspection may be limited to the 
test or examination which defined the nonconformance or, when directed 
by the cognizant inspector, a complete retest and re-examination may 
be required. 

4.1.2 Test Conditions 

4.1.2.1 Environmental. The assembly shall be tested under the 
following ambient conditions: 

jm O O 

a. Temperature ^ 77 ± 18 F 

b. Relative Humidity 90% max 

c. Barometric Pressure: 28 to 32 iiiches Hg. 

4.1.2.2 Module Case Ground. The tests specified in Paragraph 3.1.2 
shall be conducted with pin 158 connected to ground (0 VDC). 

4.2 Tests 

4.2.1 Pre-modification Checkout. Inspect all units in accordance 

with PS 2016035 or ND 1002367 as applicable and as specified below: 

4.2.1.1 Intensity. When performing intensity testing per Paragraph 
4.2.1, accept only those units having 8.0 foot lamberts minimum. 

4.2.1.2 Thermal-Vacuum Screen. The as received and spare EL Indi¬ 
cators shall be subjected to the following thermal vacuum screen test. 

The EL assembly 1006315 shall have (2) strain gauges mounted on its 
glass display surface. One gauge (Ref. #6) vertically mounted in the 
center of the EL, the other gauge (Ref. #8) shall be horizontally mounted 
in the center of the lower half of the EL. (See Figure #1). 


8 















APOLLO G&N Specification 
PS 2016043 

Rev _ 

4,2.1.2 Thermal-Vacuum Screen. (Continued) 

The EL shall be mounted in DSKY frame or equivalent, for the following 
thermal vacuum test. 

While maintaining a pressure of 0.1 PSIA or less, increase the temper¬ 
ature at a rate of approximately 20°p/hr until a temperature of 
150 p + 2 q F is reached. Temperature monitored on the glass. 

a. If gauge #6 does not indicate a 
compressive strain EL is not 
acceptable for modification. 

(Lack of compressive strain indi¬ 
cates a defective center bar to 
glass bond.) 

b. If gauges #6 and #8 both indicate 

a strain relief, unit is not accep¬ 
table. (Indicates leak in EL her¬ 
metic seal.) 

Conduct visual mechanical inspection on completion of above test. 

Units successfully passing the above shall be identified with Part 
Number 2004746 and are suitable for use in laminating safety glass 
per APOLLO G&N DWG 2003988. 

4.2.2 Post Modification Checkout 

4.2.2.1 Thermal Cycle 

Subject the assembly to thermal cycle tests as specified in 
3.1.3. Verify that the assembly performs in accordance with 3.1.3. 

4.2.2.2 Vibration 

Subject the module to the vibration test specified in para. 3.1.4. 
Verify that the module performs in accordance with para. 3.1.4. 

4.2.2.3 Vacuum, Non-Operating. 

The modified indicators shall be tested for 15 minutes in a bell jar 
evacuated to at least 10“ TORR vacuum. There shall be no mechanical 
damage, discoloration, cracking, crazing or other signs of substandard 
workmanship per para. 3.1.2.3 when viewed with 10X magnification. 
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1.0 SCOPE 


Elis specification establishes the detail requirements 
for complete identification and acceptance of the Apollo 
Guidance Computer and DSKY, P&rt Number 2003993-071 and -08l, 
hereinafter called the AGC and the Display and Keyboard Assy, 

Ifert Number 2003994-011 and -021 hereinafter called the DSKY. 

2.0 APPLICABLE DOCUMENTS: Same as PS 2016007. 

3.0 REQUIREMENTS: Same as PS 2016007 except; paragraph 3.1.1.18 

paragraph 3.1.1.15.20 Table 3 - 7, and Table 3-9. 

In paragraph 3.1.1.18 Signal D-207 of Table 3-9 "Input 
Signals” shall read as follows: 


SIGNAL 

AGC CONNECTOR A5I 

DSKY CONNECTOR J9 

CHANNEL-BIT 

NAME 

PIN NUMBER 

PIN NUMBER 

POSITION and 




BIT CONTENT 

D-207 STBY 

502 

28 (MAIN & NAV) 

CH32-14 ZERO 


ftiragraph 3.I.I.15.2O shall read: 


CHANNEL 77* Channel 77 shall consist of bit positions 1 through 9. 
Control pulse WCH shall clear channel 77. Control pulse RCH shall read 
the content of channel bit positions 1 through 9 into corresponding 
write lines. Control pulses WCH and RCH shall function as specified 
provided the octal address specified in Table 3-7 is entered into the 
S register. Information shall be entered into channel 77 bit positions 
h 3, 4, 5, 6, 7, 8 and 9 by alarm signals MPAL/, MCTRAL/, MSCAFL/, 
MWATCH/, MVFAL/, MCTRAL/, MSCAFL/, and MSCDBL/ as specified below. 

Alarm signal MEAL/ shall enter information into channel 77 bit position2 
as specified below, only if signal MP05 is true. 
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The Channel 77 Alarm Test, JDC 4454 performs the following tests 
automatically in conjunction with LAMESH: 

1. Tests to determine that the Restart Monitor does not 
affect the normal operation of the Computer. 

2. Tests at the end of the LAMESH cycle that all of the 
following alarms have been turned on. 

a. MPAL - CH77, Bit 1 

b. MTCAL - CH77, Bit 3 

c. MRPTAL - CH77, Bit 4 

d. MWATCH - CH77, Bit 5 

3. Test that each of the following alarms can be turned on 
one at a time by LAMESH: 

a. MPAL - CH77, Bit 1 

b. MTCAL - CH77, Bit 3 

c. MRPTAL - CH77, Bit 4 

d. MWATCH - CH77, Bit 5 

In addition, the V Fail Alarm, CH77, Bit 6 is turned on manually 
by lowering 28 VDC. CH77, Bit 6 is then read through the DSKY in 
conjunction with LAMESH. 


Table 3-7 shall be extended to include channel 77 requirements as 
follows: 


TABLE 3-7 


OCTAL 

ADDRESS 

NAME OF 

CONTENTS 

READ AND WRITE LINES 

CONTROI 

PULSES 

16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 

0077 

RESTART 

MONITOR 

_ _ _ _ _ _ _ 987654321 

RCH 


WCH 


NOTE: The requirements of PS 2016007 shall not apply to DSKY 

2003950. 


4.0 QUALITY ASSURANCE REQUIREMENTS: Same as PS 2016007 except 

Paragraph 4.1, Table 4-1, shall be as follows for Require¬ 
ments 3.1.1.18, 3.1.5, 3.1.6, and 3.1.1.15.20. 


REQUIREMENT JDC 

3.1.1.15.20 - 04454 


3.1.1.18- 


05361 

■05376 

05378 

05333 
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**N0TEs Alternate JDC's and Flow Diagram are to be used with the 
La Mesh Ropes. 


Paragraph 4.2.2 


JDC listing shall have the following added: 


04757 

04758 

04850 

05333 

04251 

04252 

04454 


DSKY Relay Thermal Test (Adapter Bok) 

DSKY Relay Vibration Test (Adapter Box) 

DSKY Relay Vibration Test 
Astronaut Proceed Test 

Thermal Cycling Test DSKY/CRITICAL Relays using 
LAMESH PROGRAM. 

VibrationTVest DSKY/CRITICAL Relays using 
LAMESH PROGRAM. 

Channel 77 Alarm Test 


Assembly Test Plan shall be modified as follows: 
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PREPARATION FOR DELIVERY: 

GENERAL: Preparation for Delivery shall be in accordance 
with Specification ND 1002214. The computer assembly and 
DSKY's shall be pressurized for shipment at 2.5 PSIG Max 
with a mixture of 90% Dry Nitrogen and 10% Helium at 
ambient room temperature. 
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ADDENDUM NOTICE 

This specification has been prepared as an addendum to: 

Specification No. PS2900076 
Revision E 
Release Date 


FOR 

INTERROGATOR ELECTRONIC COMPONENT ASSEMBLY 
Used With 

Hie APOLLO G&N System 

Hie exact content of Specification PS2900076 used as the basic document for this 
addendum is the revision referenced above plus the following specification change 
notices to Specification PS2900076. 
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1. SCOPE 

1* 1 PURPOSE. This specification establishes the detail requirements for complete 
identification and acceptance of the Interrogator Electronic Component Assembly, here¬ 
after called the Interrogator, Part Number 2900076-021. 

2. APPLICABLE DOCUMENTS 

2.1 Same as basic specification. 

2.2 Same as basic specification. 

3. REQUIREMENTS 

3.1 Same as basic specification. 

3.1.1 Same as basic specification. 

3.1.1.1 Same as basic specification. 

3.1.1.2 Same as basic specification. 

3.1.1.3 Same as basic specification. 

3.1.1.4 Same as basic specification. 

3.1.1.5 Same as basic specification. 

3.2 Same as basic specification. 

3. 2.1 Same as basic specifications. 
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1. SCOPE 

1.1 PURPOSE. This specificatioii establishes the detail requirements for complete identi¬ 
fication and acceptance of the Test Control Assembly, hereafter referred to as the assembly. 
Part Number 2900027-021. 

2. APPLICABLE DOCUMENTS 

2.1 EFFECTIVE ISSUES. The following documents form a part of this specification to the 
extent specified herein. Unless otherwise specified. Military Standards and Spec i fi c ations 
shall be the issue in effect on the date of request for proposal or invitation to bid. 

SPECIFICATIONS 

APOLLO Gttf 

ND1002214 General Specification for Preservation, Packaging, Packing 

and Container Marking of APOLLO Guidance and Navigation 
Major Assemblies, Assemblies, Subassemblies, Parts and 
Associated Ground Support Equipment. 

DRAWINGS 

APOLLO Gttf 

2900027 Test Control Assembly 

(Copies of specifications, standards, drawings, bulletins, and publications required by 
suppliers in connection with specific procurement functions should be obtained from the 
procuring activity or as directed by the contracting officer.) 

2.2 CONFLICTING REQUIREMENTS. In event of a conflict between requirements, the 
following order of precedence shall apply. The contractor shall also notify MIT/IL APOLLO 
Management of the conflict. 

a. The contract 

b. This specification 

c. Documents listed in this section 
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3. REQUIREMENTS 

3.1 PERFORMANCE 

3.1.1 DC Resistance. DC resistance shall be in accordance with Table L 

3.1.2 Lamp Indications and Outputs. The assembly lamp indications and outputs 
be as specified in Table n. 

3.2 PRODUCT CONFIGURATION 

3.2.1 Drawings. The configuration of die assembly shall be In accordance with Drawing 
2900027 and all drawings and engineering data referenced thereon. 

TABLE I 
DC RESISTANCE 


FROM 

TO 

RESIST ANC 

(Ohms) 

Jl-X 

Jl-W 

>5 

Jl-X 

Jl-Y 

>100K 

Jl-P 

Jl-a 

<1 

Jl-X 

Jl-c 

>100K 

Jl-X 

Jl-KK 

<1 

Jl-X 

Jl-NN 

<1 

Jl-X 

J4-HH 

<1 

Jl-P 

Jl-Z 

<1 

Jl-P 

Jl-V 

<1 

Jl-U 

J3-S 

<2 

Jl-U 

Jl-Y 

>1K 

Jl-b 

Jl-c 

>100K 

Jl-W 

JS-k 

<1 

Jl-W 

J3-DD 

<1 

Jl-A 

Chassis 

<1 

J2-w 

J3-B 

<1 

J2-z 

J3-A . 

<1 

J3-n * 

J3-m 

1050*15 

J3-n 

J3-m 

1800*150 


CONDITIONS 


OIA ON/ISS POWER DISABLED switch depressed 
QIA ON/ISS POWER DISABLED switch depressed 
OIA ON/ISS POWER DISABLED switch depressed 


GAN POWER ADJUST fully ecw 
GAN POWER ADJUST fully cw 
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4. QUAUTY ASSURANCE PROVISIONS 

4.1 PRODUCT PERFORMANCE AND CONFIGURATION REQUIREMENTS/QUALITY 
VERIFICATION CROSS REFERENCE INDEX 


Teat/Examination 


Requirement 


DC Resistance 3.1.1 4.3.2 

.Lamp Indications and Outputs 3.1.2 4.3.3 

Drawing Compliance 3.2.1 4.3.1 

4.2 GENERAL. The contractor responsible for the manufacture of the assembly shall be 
responsible for the accomplishment of each test requirement herein. 

4.2.1 Test Conditions 

4.2.1.1 Environmental. Unless otherwise specified, the assembly shall be tested under 
the following ambient conditions: 

a. Temperature: 25* ±10*C 

b. Relative Humidity: 90% max 

c. Barometric Pressure: 28 to 32 inches of Hg 

4.2.2 Noncohforming Units. Failure of the assembly to pass any examinations or tests of 
this specification shall automatically classify the assembly as nonconforming. Each noncon¬ 
forming assembly corrected by the contractor shall be reinspected. Reinspection may be 
limited to the test or examination which defined the nonconformance, or, when directed by the 
cognizant inspector, a complete retest and reexamination may be required. Nonconforming 
assemblies which have not been corrected will be considered for acceptance only upon formal 
application by the contractor to the cognizant NASA representative. 


4.3.1 Drawing Compliance. The assembly shall be visually examined for compliance with the 
requirements of Drawing 2900027. Particular attention shall be given to inspection for nicks, 
scratches, burrs, dents, encapsulant defects, contaminants, pin misalignment, and legibility 
and appearance of markings. 

4.3.2 DC Resistance. The dc resistance test shall be performed in accordance with Table L 

4.3.3 Lamp Indications and Outputs. The test shall be performed in accordance with Table S. 

5. PREPARATION FOR DELIVERY 


. 5.1 GENERAL. Preparation for delivery shall be in accordance with Specification ND1002214. 

6. NOTES. None. 


ETP:lv 
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3.1.15 G/N Voltage. With the equipment conditions a a specified In 3.1.14 the G/N VolUge 
monitoring requirements shall be in accordance with the following: 


* 


EQUIPMENT CONDITION REQUIREMENT 

a. With the voltage present at Jl-CC j G/N VOLTAGE PUSH RESET and G/N 

decreased to 21.5±0.5 vdc | POWER MODES DISABLED indicators 

| illuminated 

| G/N VOLTAGE PUSH RESET. LOW indicator 

---—---flashing_ 

. b. S9 momentarily in the "ALARM j Alarm bell ringing 

ENABLE" position j ALARM INHIBITED Indicator extinguished 

i PUSH TO INiflB ALARM indicator Illuminated 

-- - _while S9 is in the "ALARM ENABLE'position 

c. 22. 5 ± 0 . 4 vdc present at Jl-CC j G/N POWER MODES DISABLED. G/N I 

and the G/N VOLTAGE, PUSN J VOLTAGE PUSH RESET, and LOW indicators 

RESET, LOW, HIGH indicator f extinguished 1 

- momenta rily depressed _■__ 

4 d. With the voltage present at J1~CC j G/N VOLTAGE PUSH RESET and G/N 

increased to 3ft»ga€i 5 vdc j POWER MODES DISABLED indicators * 

( Illuminated 

| G/N VOLTAGE PUSH RESET, HIGH indica- 

---—_ j tors flashing _______ 

8. 31.5±0. 4 vdc present at Jl-CC j G/N POWER MODES DISABLED, G/N 

and the G/N VOLTAGE. PUSH VOLTAGE PUSH RESET, and G/N VOLTAGE 

RESET, LOW, HIGH indicator PUSH RESET, HIGH tndlcatore extinguished 

- momentarily depressed 

3.1.16 G/N Voltage Verification. With the initial MPL conditions as specified in 3.1.14, 
except conditions 3.1.14, k and m shall not be present, J1*JJ connected to ground, ami the 
ISS TEST CONFIG indicator extinguished the requirements shall be as follows:* • * V 


EQUIPMENT CONDITION 

REQUIREMENT 

;a. 28 vdc present at Jl-AA 

G/N VOLTAGE PUSH RESET indicator 
Illuminated 

G/N POWER MODES DISABLED indicator 
illuminated 

G/N VOLTAGE PUSH RESET, HIGH indicator 
flashing 


28±4 vdc present between Jl-t and Jl-FF 
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REQUIREMENT 


b. No voltage present at Jl-AA, 28 vdc 
present at Jl-BB and the G/N VOL¬ 
TAGE PUSH RESET, LOW, HIGH, 
indicator momentarily depressed 


G/N VOLTAGE PUSH RESET indicator 
illuminated 

G/N POWER MODES DISABLED indicator 
illuminated 

G/N VOLTAGE PUSH RESET, LOW indi¬ 
cator flashing 

28*4 vdc present between Jl-1 and Jl-FF 


3.1.17 Prime Power Verification. With initial equipment conditions as speoified in 3.1.14, 
except conditions 3.1.14. k and m. shall not be present, Jl-JJ connected to ground, a nd the 
ISS TEST CONFIG indicator extinguished requirements shall be as follows: 


EQUIPMENT CONDITIONS REQUIREMENT 


a. 28 vdc present at Jl-w (►) 

PRIME POWER PUSH RESET indicator 
illuminated 

PRIME POWER PUSH RESET, LOW 
indicator flashing 

28*4 vdc present between Jl-i and Jl-FF 

b. No voltage present at Jl-w, 28 vdc 
present at Jl-v (♦) and the PRIME 
POWER PUSH RESET, LOW, HIGH 
indicator momentarily depressed 

PRIME POWER PUSH RESET indicator 
illuminated 

PRIME POWER PUSH RESET, LOW 
indicator flashing 

28*4 vdc present between Jl-i and Jl-FF 

c. No voltage present at Jl-v, 28 vdc 

present at Jl-u and the PRIME POWER 
PUSH RESET, LOW, HIGH indicator 
momentarily depressed 

PRIME POWER PUSH RESET indicator 
illuminated 

PRIME POWER PUSH RESET, LOW 
indicator flashing 

28*4 vdc present between Jl-i and Jl-FF 


3.1.18 Ducosyn Excitation Verification. With initial MPL conditions as specified in 3.1.14, 
except the conditions specified in 3.1.14. f, k, and m shall not be present, Jl-JJ connected 
to ground, and the ISS TEST CONFIG indicator extinguished, the ducosyn excitation verification 
shall be in accordance with the following: 


EQUIPMENT CONDITION REQUIREMENT 


a. 28 vdc present at Jl'-y 

DUCOSYN EXC PUSH RESET indicator 
illuminated 

FREQ FAIL indicator flashing . 

1.7*0.1 vac present at A3TP-1 (Hi) 
and A3TP-4 (Lol bv adjusting A5R4 

b. DUCOSYN EXC PUSH RESET 
indicator momentarily depressed 

DUCOSYN EXC PUSH RESET indicator 
illuminated 

FREQ FAIL indicator flashing 

28*4 vdc present at Jl-i and Jl-FF 
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EQUIPMENT CONDITION REQUIREMENT * 


a. 28 vdc present at Jl-c (+) and Jl-S (♦) 

BLOCK I SERIES 100, and ALARM 

INHIBITED indicators illuminated 

COOLANT SUPPLY FAIL indicator flashing 

I b. No voltage present at Jl-S 

Same REQUIREMENT as in a. 

0 . S9 momentarily In the "ALARM 
ENABLE" position 

Alarm shall ring, ALARM INHIBITED indicator 
extinguished, PUSH TO INHIB ALARM illuminated 
while S9 is in the "ALARM ENABLE" position. 

d. 28 vdc present at J2-t (♦) 

ALARM INHIBITED and GIMBAL LOCK CAUTION 
indicators illuminated, COLDPLATE TEMP FAIL 
e\ < l!n^u?sho(F i ^^ n ®’ COOLANT Sl/PPLY FAIL 

28 vac prosent at J2-a (+) 

ALARM INHIBITED and GIMBAL LOCK 

CAUTION indicators illuminated 

L No voltuge present at J2-a (+) and 28 vdc 
present at Jl-n (+) 

ALARM INHIBITED and GIMBAL LOCK 

CAUTION indicators illuminated 

g. EQUIPMENT CONDITION In f. no 
longer present, 28 vdc present at 

Jl-KK <♦), S9 In the "ALARM 

ENABLE" position, and the PUSH 

TO INHIB ALARM, ALARM INHIBI¬ 
TED indicator momentarily depressed 

BLOCK I SERIES 100, ALARM INHIBITED, 

-28 VDC FAIL PUSH TO RESET, and WHEEL 
POWER FAIL PUSH TO RESET indicators 
illuminated, COOLANT SUPPLY FAIL Indica¬ 
tor flashing 

h„ 28 vdc present at J2-t (♦) 

• 

BLOCK I SERIES 100 indicator extinguished 
GIMBAL LOCK CAUTION Indicator illuminated 
and COLDPLATE TEMP FAIL indicator 
flashing. 

Alarm bell ringing, the ALARM INHIBITED 
indicator extinguished and the PUSH TO INHIB 
ALARM Indicator illuminated 18C±2S seconds 
after the voltage is present at J2-t 

L. S9 in the "ALARM DISABLE" 
position and the PUSH TO INHIB 
ALARM, ALARM INHIBITED 
indicator momentarily depressed 

PUSH TO INHIB ALARM indicator extin¬ 
guished 

ALARM INHIBITED Indicator illuminated 

G/N POWER MODES DISABLED indicator 
illuminated 220±30 sec after the PUSH TO 

INHIB ALARM, ALARM INHIBITED indica¬ 
tor is released 

J, PUSH TO INHIB ALARM, ALARM 
INHIBITED indicator depressed, 
released, and then depressed and 
held___ 

G/N POWER MODES DISABLED indicator 
extinguished and illuminated again 40±5 sec 
after the PUSH TO INHIB ALARM, ALARM 
INHIBITED indicator la depressed and_held- 
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EQUIPMENT CONDITION REQUIREMENT 


k. S9 in the "ALARM ENABLE" position 
and the PUSH TO INIIIB ALARM. ALARM 
INHIBITED indicator momentarily 
depressed. . : . ; 

BLOCK I SERIES 100, indicator illuminated 
COOLANT SUPPLY FAIL indicator flashing 

m . 28 vdc present at J2-e (♦) 

BLOCK I SERIES 100 indicator extinguished. 
COLD,PLATE TEMP FAIL indicator flashli* 
Alarm bell ringing. ALARM INHIBITED 
indicator extinguished, and the PUSH TO 

1NH1B ALARM indicator illuminated 180*26 
seconds after the voltage Is present at 

J2-e 

n , 28 vdc removed from J2-e (+) and 

28 vdc present at J2-f (+) 

Alarm bell ringing, ALARM INHIBITED -• 
indicator extinguished, and the PUSH TO * 
INHIB ALARM indicator illuminated 180*28 
seconds after the voltage is applied -to J2-f. 


3.1.29 Wheel Power Fail. With the MPL in the OlAOn Mode and in the operating condition 
specified in 3.1.24 except 3.1.24. k. and 28 vac. 800 ops present at J3-h (III) and J3-1 (Lo). 
the BLOCK J SERIES 100. and ALARM INHIBITED indicators Illuminated, the additional 
requirements:shall be as follows: 


EQUIPMENT CONDITION 


REQUIREMENT 


a, 


b, 


c, 


d. 


f. 


28 vdc present at Jl-KK (+) 


-28 VDC FAIL PUSH RESET indicator 


Voltage at J3-h (Hi) and J3-i (Lo) 
decreased to 0 vac 


No voltage present at Jl-KK 


Illuminated 

WHEEL POWER FAIL PUSH TO RESET 

indicator extinguished above 16 vac and 

illuminated below 14 vac_ 

WHEEL POWER FAIL PUSH TO RESET 


WHEEL POWER FAIL PUSH 


indicator still illuminated 

WHEEL POWER FAIL PUSH TO RESET 


Indicator momentarily depressed 
Same EQUIPMENT CONDITION as 

in a., and 28 vdc present at J2-t 


indicator extinguished 

WHEEL POWER FAIL PUSH TO RESET and 
G1MBAL LOCK CAUTION indicators illumi¬ 


nated 


Ground applied to J2-EE 


BLOCK I SERIES 100 indicator extinguished 
COLDPLATE TEMP FAIL indicator flashing 
WHEEL POWER FAIL PUSH TO RESET 


indicator extinguished 

G/N TEST CONFIG Indicator Illuminated 
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4.3.17 G/N Voltage. With the MPL In the OIA On Mode, the inputs specified in 4.2.1.3 
except 4.2.1.3.e and m applied, 28 vdc applied to pin Jl-Z (♦) and grd'Connected to pin 
J2-JJ (-), the BLOCK I SERIES 100, ISS TEST CONFIG, and ALARM INHIBITED indicators 
shall illuminate and the test shall be performed as follows: 

a. With the voltage at pin Jl-CC decreased, the G/N VOLTAGE PUSH RESET and G/N 
POWER MODES DISABLED indicators shall illuminate and the G/N VOLTAGE PUSH 
RESET, LOW Indicator shall flash at 21.5*0.5 vdc. With S9 momentarily set to the 
"ALARM ENABLE" position, the bell shall ring, the ALARM INHIBITED indicator 
shall extinguish and the PUSH TO INHIB ALARM indicator shall illuminate while 

S9 is in the "ALARM ENABLE" position. 

b. With the voltage at pin Jl-CC set to 22.5*0.4 vdc and then the G/N VOLTAGE, PUSH 
RESET, LOW, HIGH indicator momentarily depressed, the G/N POWER MODES 
DISABLED, G/N VOLTAGE PUSH RESET, and LOW indicators shall extinguish. 

c. With the voltage at pin Jl-CC increased, the G/N VOLTAGE PUSH RESET and the 
G/N POWER MODES DISABLED indicators shall illuminate and the G/N VOLTAGE 
PUSH RESET, HIGH indicator shall Hash at 35.5*0.5 vdc. 

d. With the voltage at pin Jl-CC set at 31.5*0.4 vdc and then the G/N VOLTAGE, PUSH 
RESET, LOW, HIGH indicator momentarily depressed, the G/N POWER MODES 
DISABLED, G/N VOLTAGE PUSH RESET, and HIGH indicators shall extinguish. 

4.3.18 G/N Voltage Verification. With the MPL in the OIA On Mode, the inputs specified 
in 4.2.1.3 except 4.2.1.3. e and m applied, and grd connected to Jl-JJ, the BLOCK I 
SERIES 100, and ALARM INHIBITED indicators shall illuminate and the test shall be performed 
as follows: 

a. With 28 vdc applied to pin Jl-AA, the G/N VOLTAGE PUSH RESET indicator shall 
illuminate, the G/N VOLTAGE PUSH RESET, HIGH indicator shall flash, the G/N 
POWER MODES DISABLED Indicator shall illuminate, and the voltage measured 
between pins Jl-i and Jl-FF shall be 28*4 vdc. 

b. With the input to pin Jl-AA removed, 28 vdc applied to Jl-BB and the G/N VOLTAGE 
PUSH RESET, LOW, HIGH indicator momentarily depressed, the G/N VOLTAGE 
PUSH RESET indicator shall illuminate, the G/N VOLTAGE PUSH RESET, LOW 
indicator shall Rash, the G/N POWER MODES DISABLED indicator shall illuminate, 
and the voltage measured between pins Jl-i and Jl-FF shall be 28*4 vdc. 


Y 


n 
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4.3.29 IMU Fail. With the MPL in the ISS On Mode and the inputs specified in 4.2.1.3 
except 4.2.1.3.e applied, the BLOCK I SERIES 100, ALARM INHIBITED, -28 VDC FAIL 
PUSH TO RESET, and WHEEL POWER FAIL PUSH TO RESET indicators shall illuminate 
and the test shall be performed as follows: 

a. With 28 vdc applied to pin J3-q (+), the IMU FAIL indicator shall illuminate. 

b. With the input to pin J3-q removed, a 102.4K pps input signal applied to pins 
J3-n (Hi) and J3-p (Lo) through a series resistance of 500*25 ohms and a shunt 
capacitance of 1600*320 mmfd (across pins J3-n and J3-p), and the Input signal 
increased from 0 to 6V pp, the IMU FAIL indicator shall extinguish below I.0V pp 
and illuminate above 2.0V pp. 

4.3.30 Coolant Supply, Coldplate, and 40- and 180- Second Time Delays. With the MPL 
in the OLA and ISS On Modes and with the inputs specified in 4.2.1.3 except 4.2.1.3.e, k, 
and m applied, the test shall be performed as follows: 

a. With the input specified in 4.2.1.3.k applied and 28 vdc applied to pin Jl-S (+), the 
BLOCK I SERIES 100, and ALARM INHIBITED indicators shall illuminate and the 
COOLANT SUPPLY FAIL indicator shall flash. 

b. With the input specified in 4.2.1.3. k and the input to pin Jl-S removed, the BLOCK I 
SERIES 100, and ALARM INHIBITED indicators shall illuminate and the COOLANT 
SUPPLY FAIL indicator shall flash. With S9 momentarily set to the ALARM ENABLE 
position, the bell shall ring, the ALARM INIHBITED indicator shall extinguish, and 

the PUSH TO INHLB ALARM indicator shall illuminate.while S9 is in the "ALARM ENABLE" 
position. 

c. With the input specified in 4.2.1.3. k applied and 28 vdc applied to pin J2-4 (♦), 
the ALARM INHIBITED and GIMBAL LOCK CAUTION indicator shall illuminate 
and the COLDPLATE TEMP FAIL indicator shall flash. 

d. With the input specified in 4.2.1.3. k applied and 28 vdc applied to pins J2-t (♦) 
and J2-a (+), the ALARM INHIBITED and GIMBAL LOCK CAUTION indicators 
shall illuminate. 

e. With the input specified in 4.2.1.3. k applied and 28 vdc applied to pins J2-t (♦) 
and Jl-n (+), the ALARM INHIBITED and GIMBAL LOCK CAUTION indicators 
shall illuminate. 

f. With the input specified in 4.2.1.3. k and the input to pins Jl-n and J2-t removed, 
the input specified in 4.2.1.3.m applied, S9 set to the "ALARM ENABLE" position, 
and the PUSH TO INHIB ALARM, ALAR^ INHIBITED indicator momentarily 
depressed, the BLOCK I SERIES 100, ALARM INHIBITED, -28 VDC FAIL PUSH 
TO RESET, and WHEEL POWER FAIL PUSH TO RESET indicators shall illuminate, 
the COOLANT SUPPLY FAIL indicator shall flash, and the test shall be performed 
as follows: 
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(1) With 28 vdc applied to pin J2-t (♦), the BLOCK I SERIES 100 indicator shall 
extinguish, the GIMBAL LOCK CAUTION indicator shall illuminate and the 
COLDPLATE TEMP FAIL indicator shall flash. The alarm shall ring, the 
ALARM INHIBITED indicator shall extinguish and the PUSH TO INHIB ALARM 
indicator shall illuminate 180*25 sec after the voltage is applied to pin J2-t. 

(2) With S9 set to the "ALARM DISABLE" position and then the PUSH TO INHIB 
ALARM, ALARM INHIBITED indicator momentarily depressed, the PUSH 

TO INHIB ALARM indicator shall extinguish, the ALARM INHIBITED indicator 
shall illuminate and 220*30 sec after the PUSH TO INHIB ALARM, ALARM 
INHIBITED indicator is released, the G/N POWER MODES DISABLED indicator 
shall illuminate. 

(3) With the PUSH TO INHIB ALARM, ALARM INHIBITED indicator depressed, 
released, and then depressed and held, the G/N POW'ER MODES DISABLED 
Indicator shall extinguish and shall illuminate again 40*5 sec after the PUSH 
TO INHIB ALARM, ALARM INHIBITED indicator is depressed and held. 

g. With S9 in the "ALARM ENABLE" position, the PUSH TO INHIB ALARM, ALARM 
INHIBITED INDICATOR momentarily depressed, the BLOCK I SERIES 100 and 
ALARM INHIBITED indicators illuminated, and the COOLANT SUPPLY FAIL lamp 
flashing, the test shall be as follows: 

(1) With 28 vdc applied to pin J2-e (♦) the BLOCK I SERIES 100 indicator shall 
extinguish, the GIMBAL LOCK CAUTION indicator shall illuminate, and the 
COLDPLATE TEMP FAIL indicator shall flash. The ALARM INHIBITED 
Indicator shall extinguish, the alarm shall ring, and the PUSH TO INHIB 
ALARM indicator shall illuminate 180*25 seconds after the voltage is applied 
to pin J2-e. 

(2) With 28 vdc removed from J2-e (♦) and then applied to J2-f (♦). the BLOCK I 
SERIES 100 indicator shall extinguish, the GIMBAL LOCK CAUTION indicator 
shall illuminate, and the COLDPLATE TEMP FAIL indicator shall flash. The 
ALARM INHIBITED indicator shall extinguish, the alarm shall ring, and the 
PUSH TO INHIB ALARM indicator shall illuminate 180*25 seconds after the 
voltage is applied to pin J2-f. 

4 3 31 Wheel Power Fall. With tho MPL In the OlA On and ISS On Mode., the Input, 
specified in 4.2.1.3 except 4.2.1.3. e and m applied, and 28 vac at 800 cps applied to pin. 
j3_h (HI) and 33-1 (Lo), the BLOCK I SERIES 100, and ALARM INHIBITED Indicator, ahall 
illuminate and the test shall be performed as foUows: 

a. With the input specified In 4.2.1.3. m applied the -28 VDC FAIL PUSH RESET 
indicator shall illuminate. Then with the voltage at pins J3-h (Hi) and J3-* (Lo) 
decreased to 0 vac, the WHEEL POWER FAIL PUSH RESET indicator shall 
extinguish above 16 vac and illuminate below 14 vac. 
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b. With the input in 4.2.1.3. m removed, the WHEEL POWER FAIL PUSH 
TO RESET indicator shall remain illuminated. 

c. With the WHEEL POWER FAIL PUSH TO RESET indicator momentarily depressed, 
die WHEEL POWER FAIL PUSH TO RESET indicator shall extinguish. 

d. With 28 vdc applied to pin J2-t and the input specified in 4.2.1.3. m, the WHEEL POWER 
FAIL PUSH TO RESET and the GIMBAL LOCK CAUTION indicators shall illuminate, 
the BLOCK I SERIES 100 indicator shall extinguish and the OOLDPLATE TEMP FAIL 
indicator shall flash. 

e. With grd applied to pin J2-EE the WHEEL PUSH TO RESET indicator shall extinguish 
and the G/N TEST CONFIG indicator shall illuminate. 

3.32 Minus 28 vdc Fail. With the MPL in the OIA On and ESS On Modes, the inputs specified 
4.2.1.3 except 4.2.1.3. e and m applied, and 28 vdc from a separate isolated source applied 
pins J2-d <+) and J2-c (-), the BLOCK I SERIES 100, ALARM INHIBITED indicators shall 
illuminate and the test shall be performed as follows: 

a. With the input specified in 4.2.1.3. m applied the WHEEL IK)WER FAIL PUSH TO 
RESET indicator shall illuminate. Then with voltage at the pins J2-d and J2-c 
removed, the -28 VDC FAIL PUSH TO RESET lamp shall extinguish before the 
input is removed and illuminate after the input is removed. 

b. With the input specified in 4.2.1.3. m removed, the -28 VDC FAIL PUSH TO RESET 
indicator shall remain illuminated. 

c. With the -28 VDC FAIL PUSH TO RESET indicator momentarily depressed, the 
-28 VDC FAIL PUSH TO RESET indicator shall extinguish. 

5. PREPARATION FOR DELIVERY 

5.1 GENERAL. Preparation for delivery shall be in accordance with Specification ND1002214. 

6. NOTES. None. 
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EQUIPMENT CONDITIONS REQUIREMENT 


a. Ground present at J3-Y 

G1MBAL LOCK CAUTION indicator “ 

illuminated 

b. Ground to J3-Y removed and 

28 vdc present at J2-t 

BLOCK 1 SEIUES 100 indicator extinguished 
COLDPLATE TEMP FAIL indicator flashing 

c. Voltage at J3-W (Hi) and J3-X (Lo) 
decreased 

GIMBAL LOCK CAUTION indicator shall be 
extinguished above 14.5 vac and shall be 
illuminated below 10.5 vac 


we cwwiuom spec meU ... ... A . m. nm pr e 

extinguished, the requirements shall be as follows: 


r .vvvu», I 


EQUIPMENT CONDITION ' REQUIREMENT 


a. 28 vdc present at J3-JJ (+) 

STAR PRESENCE indicator illuminated 

b. No voltage present at J3-JJ, a 

102.4K pps signal present at 

J3-NN (Hi) and J3-PP (Lo) 
through a series resistance of 

500*25 ohms and a shunt capaci¬ 
tance of 1600*320 mmfd (across 
pins J3-NN and J3-PP); the 

102.4K pps signal increased from 

0 to 6V pp 

STAR PRESENCE indicator shall be 
extinguished below 1.0V pp and shall be 
illuminated above 2.0V pp. 

• 


—- j’ ^ *•* nw uperaung conaiuons listed 

below and ground present at J3-KK, 28 vdc shaU appear between J3-N (♦) and J3-P (-) 5 0tOS 
seconds after the presence of 28 vdc at Jl-KK; and the BLOCK I SERIES 100, ERROR DETECT 
ALARM INHIBITED, -28 VDC FAIL PUSH TO RESET, and WHEEL POWER FAIL PUSH TO 
RESET indicators shall illuminate. 


115 vac present at pins Jl-GG (Hi) and Jl-HH (Lo) 

27.5 vdc present at pins Jl-CC (♦) and Jl-DD (-) 

115 vac present at pins Jl-LL (Hi), Jl-MM (Hi), Jl-NN (Hi) and Jl-PP (Lo) 

115 vac neutral connected to pin Jl-p (Lo) 

28 vdc present at pin Jl-g (♦) 

115 vac present at pin Jl-V (Hi) 

28 vdc present at pin J2-W (+) ' 

28 vdc momentarily present at pin J2-Z (♦) 

28 vdc present at pin Jl-KK (♦) 

MPL in the ISS On Mode 
28 vdc present at pin Jl-c 

3.1.25 ISS CDU Fail. With the MPL in the operating conditions specified in 3.1.24 and 
the BLOCK I SERIES 100, ALARM INHIBITED, -28 VDC FAIL PUSH TO RESET and WHEEL 
POWER FAIL PUSH TO RESET indicators illuminated, the requirements shall be as follows: 


b. 

c. 

d. 

e. 

f. 

g. 

h. 

i. 
k. 

m. 

n. 
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EQUIPMENT CONDITION REQUIREMENT 


a. 28 vdc present at J2-x /+! 

ISb CDU FAIL indicator illuminated 

b. No voltage present at J2-x (♦) and 
s 102.4K pps signal present st 

J2-y (HI) and J2-* (Lo) through a 
series resistance of 500*25 ohms and 
s shunt capacitance of 1600*320 mmfd 
(across J2-y and J2-x) and the 102.4K 
-pps Signal increased from 0 to 6V on. 

ISS CDU FAIL indicator shall be extinguished 
beldw 1.0V pp and shall be illuminated above 
2.0V pp 


3.1.26 Accel Fall. With the MPL in the in the operating conditions specified- 

in 3.1*24 an ’ the BLOCK I SERIES 100, ALARM INHIBITED, • 28 VDC FAJL 

PUSH TO RESET and WHEEL POWER FAIL PUSH TO RESET Indicator* illuminated the ’following 

requirement shall exist. With 102.4K pps present at J2-u (Hi) and J2-v <Lo), through a series 

resistance of 500*25 ohms and a shunt capacitance of 1600*320 mmfd (across J2-u and J2-v) and the 

102.4K pps signal Increased from 0 to 6V pp, the ACCEL FAIL indicator shall be .v«n g . 1 i.K ri 

below 1.0V pp and shall be illuminated above 2.0V pp. 


--—-opCNs&AlCU Ul it ind CM KIiUC K 

SERIES 10(1 ALARM INHIBJTED, -28 VDC FAHTTOSIT TO RESET, and WHEEL POWER FAIL 
PUSH TO RESET indicators illuminated, the requirements shall be as follows: 


EQUIPMENT CONDITION REQUIREMENT 


a. 28 vdc present at J3-q (+) 

IMU FAIL shall be illuminated 

b. No voltage present at J3-q, 

102.4K pps present at J3-n (III) 
and J3-p (Lo), through a series 
resistance of 500*25 ohms and a 
shunt capacitance of 1600*320 mmfd 
(across J3-n and J3-p) and ths 

102.4K pps signal increased 
from 0 to 6V dd 

IMU FAIL shall be extinguished below 1.0V 
pp and shall be illuminated above 2.0V pp 


3.1.28 Coolant Supply Coldplate, and 40- and 180- Second'Time Delays. With the MPL la 
the OLA On Mode and in the operating conditions specified in 3.1. 24, except the condition 
specified in 3.1.24.k aiuLa shall not be-present, the requirements stoll be ns follows: 
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EQUIPMENT CONDITION REQUIREMENT 


Ik. S9 in the ’’ALARM ENABLE" position 
and the PUSH TO INHIB ALARM, ALARM 
| INHIBITED indicator momentarily 
depressed. , \ ; 

BLOCK I SERIES 100, indicator illuminate! 
COOLANT SUPPLY FAIL indicator Bashing 

m. 28 vdc present at J2-e (♦) 

BLOCK I SERIES 100 indicator extinguished. 
COLD,PLATE TEMP FAIL Indicator flashily 
Alarm bell rifling, ALARM INHIBITED 
indicator extinguished, and the PUSH TO 

INHIB ALARM indicator Illuminated 180*25 
seconds after the voltage la present st 

J2-e 

n, 28 vdc removed from J2-e (♦) and 

28 vdc present at J2-f (+) 

Alarm bell ringing, ALARM INHIBITED -• 
indicator extinguished, and the PUSH TO * 
INHIB ALARM Indicator illuminated 180*25 
seconds after the voltage is applied toJ2-f. 


3.1.29 Wheel Power Fall. With the MPL In the OIAOn Mode and tn the operating condition 
specified in 3.1.24 except 3.1.24. k, and 28 vac, 800 cps present at J3-h (ill) and J3-I (Lo), 
the BLOCK I SERIES 100, and ALARM INHIBITED Indicators illuminated, the additional 
requirements:shall be as follows: 


EQUIPMENT CONDITION REQUIREMENT 


, a. 28 vdc present at Jl-KK (+) 

-28 VDC FAIL PUSH RESET indicator 
illuminated 

b. Voltage at J3-h (Hi) and J3-i (Lo) 
decreased to 0 vac 

WHEEL POWER FAIL PUSH TO RESET 
indicator shall be extinguished above 16 vac 
and shall be illuminated below 14 vac 

c. No voltage present at Jl-KK 

WHEEL POWER FAIL PUSH TO RESET 
indicator still illuminated 

d. WHEEL POWER FAIL PUSH 
indicator momentarily deDressed 

WHEEL POWER FAIL PUSH TO RESET 
indicator extinguished 

e. Same EQUIPMENT CONDITION as 

in a., and 28 vdc present at J2-t 

WHEEL POWER FAIL PUSH TO RESET and 
G1MBAL LOCK CAUTION Indicators Illumi¬ 
nated 

BLOCK I SERIES 100 Indicator extinguished 
COI.DPLATE TEMP FAIL indicator flashing 

f. Ground applied to J2-EE 

WHEEL POWER FAIL PUSH TO RESET 
indicator extinguished 

O/N TEST CONFIG Indicator Illuminated 
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b, With the grd to J3-Y removed and 28 vdc applied to J2-t, the BLOCK I SERIES 100 
indicator shall extinguish, the ALARM INHIBITED indicator shall illuminate and 
the COLDPLATE TEMP FAIL indicator shall flash. With the voltage at pins J3-W (HI) 
and J3-X (Lo) decreased, the GIMBAL LOCK CAUTION indicator shall be extinguished 
above 14.5 vac and shall be illuminated below 10.5 vac. 

4.3.25 Star Presence. With the MPL in the OIA oil Mode and the inputs specified in 4.2.1.3 
oxccjA 4.2. l.S.e and m applied, the BLOCK I SERIES 100, and ALARM INHIBITED indicators 
ahull illuminate and tho tout shall be performed as follows: 

a. With 28 vdc applied to pin J3-JJ (+), the STAR PRESENCE indicator shall illuminate. 

b. With the input to pin J3-JJ removed, a 102.4K pps input signal applied to pins J3-NN 
(Hi) and J3-PP (Lo) through a series resistance of 500*25 ohms and a shunt capacitance 
of 1600*320 mmfd (across pins J3-NJT and J3-PF), and the input signal Increased from 

0 to 6V pp. the STAR PRESENCE indicator shall be extinguished below 1.0V pp and shall 
be illuminated above 2.0V pp. 

4.3.26 Error Detect and 5-sec Time Delay. With the MPL in the ISS On Mode, the inputs 
specified in 4.2.1.3 except 4.2.1.3. e applied, and grd connected to J3-KK, 28*4 vdc shall 
appear between pins J3-N (♦) and J3-P (-) 5.0*0.5 sec after the input specified in 4.2.1.3.m 
is applied and the BLOCK I SERIES 100, ERROR DETECT, ALARM INHIBITED, -28 VDC 
FAIL PUSH TO RESET and WHEEL POWER FAIL PUSH TO RESET indicators shall illuminate. 

4.3.27 ISS CDU Fail. With the MPL in the ISS On Mode and the inputs specified in 4.2.1.3 
except 4.2.1.3. e applied, the BLOCK I SERIES 100, ALARM INHIBITED, -28 VDC FAIL 
PUSH TO RESET and WHEEL POWER FAIL PUSH TO RESET indicators shall illuminate 
and the test shall be performed as follows: 

a. With 28 vdc applied to pin J2-x (♦), the ISS CDU FAIL indicator shall illuminate. 

b. With the input to pin J2-x removed, a 102.4K pps input signal applied to J2-y (Hi) 
and J2-z (Lo) through a series resistance of 500*25 ohms and a shunt capacitance 
of 1600*320 mmfd (across J2-y and J2-z), and the input signal increased from 

0 to 6V pp, the ISS CDU Fail indicator shall be extinguished below 1.0V pp and shall 
be illuminated above 2.0V pp. 

4.3.28 Accel Fail. With the MPL in the ISS ON MODE, the inputs specified in 4.2.1.3 
except 4.2.1.3. e applied, the BLOCK I SERIES 100, ALARM INHIBITED, -28 VDC FAIL 
PUSH TO RESET and WHEEL POWER FAIL PUSH TO RESET indicators shall illuminate 
and the test shall be performed as follows: With a 102.4K pps input signal applied to pins 
J2-u (Hi) and J2-v (Lo) through a series resistance of 500*25 ohms mad a shunt capacitance 

' of 1600*320 mmfd (across J2-u and J2-v), and the input signal Increased from 0 to GV pp, 
the ACCEL FAIL indicator shall be extinguished below 1..0V pp and shall be illuminated above 
2.0V pp. 
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4.3.29 IMU Fail.. With the MPL in the ISS On Mode and the Inputs specified in 4.2.1.3 
except 4.2.1.3.e applied, the BLOCK I SERIES 100, ALARM INHIBITED, -28 VDC FAIL 
PUSH TO RESET, and WHEEL POWER FAIL PUSH TO RESET indicators shall illuminate 
and the test shall be performed as follows: 

a. With 28 vdc applied to pin J3-q (♦), the IMU FAIL indicator shall illuminate. 

b. With the input to pin J3-q removed, a 102.4K pps input signal applied to pins 
J3-n (Hi) and J3-p (Lo) through a series resistance of 500*2$ ohms and a shunt 
capacitance of 1600*320 mrafd (across pins J3-n and J3-p), and the input signal 
increased from 0 to 6V pp, the IMU FAIL indicator shall be extinguished below 1.0V 
pp and shall be illuminated above 2.0V pp. 

4.3.30 Coolant Supply, Coldplate, and 40- and 180- Second Time Delays. With the MPL 
in the OLA and ISS On Modes and with the inputs specified in 4.2.1.3 except 4.2.1.3. e, k, 
and m applied, the test shall be performed as follows: 

a. With the input specified in 4.2.1.3. k applied and 28 vdc applied to pin Jl-S (♦), the 

BLOCK I SERIES 100, and ALARM INHIBITED indicators shall illuminate and the * 

COOLANT SUPPLY FAIL indicator shall flash. 

b. With the input specified in 4.2.1.3. k and the input to pin Jl-S removed, the BLOCK I 

SERIES 100, and ALARM INHIBITED indicators shall illuminate and the COOLANT 
SUPPLY FAIL indicator shall flash. With S9 momentarily set to the ALARM ENABLE 
position, the bell shall ring, the ALARM INHIBITED indicator shall extinguish, and 
position 1 * ALARM indicator shall illuminate.while S9 is in the "ALARM ENABLE' 

c. With the input specified in 4.2.1.3. k applied and 28 vdc applied to pin J2-t (♦), 
the ALARM INHIBITED and GIMBAL LOCK CAUTION Indicator shall illuminate 
and the COLDPLATE TEMP FAIL indicator shall flash. 

d. With the input specified in 4.2.1.3. k applied and 28 vdc applied to pins J2-t (♦) 
and J2-a (+), the ALARM INHIBITED and GIMBAL LOCK CAUTION indicators 
shall illuminate. 

e. With the input specified in 4.2.1.3. k applied and 28 vdc applied to pins J2-t (♦) 
and Jl-n (♦), the ALARM INHIBITED and GIMBAL LOCK CAUTION indicators 
shall illuminate. 

f. With the input specified in 4.2.1.3. k and the input to pins Jl-n and J2-t removed, 
the input specified in 4.2.1.3.m applied, S9 set to the "ALARM ENABLE" position, 
and the PUSH TO INIHB ALARM, ALARy INHIBITED indicator momentarily 
depressed, the BLOCK I SERIES 100, ALARM INHIBITED, -28 VDC FAIL PUSH 
TO RESET, and WHEEL POWER FAIL PUSH TO RESET indicators shall illuminate, 
the COOLANT SUPPLY FAIL Indicator shall flash, and the test shall be performed 
as follows: 
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(1) With 28 vdc applied to pin J2-t (♦), the BLOCK I SERIES 100 indicator, ahall 
extinguish, the GIMBAL LOCK CAUTION indicator shall illuminate and the 
COLDPLATE TEMP FAIL Indicator shall flash. The alarm shall ring, the 
ALARM INHIBITED indicator shall extinguish and the PUSH TO INHIB ALARM 
indicator shall illuminate 180*25 sec after the voltage is applied to pin J2-t. 

(2) With S9 set to the "ALARM DISABLE" position and then the PUSH TO INHIB 
ALARM, ALARM INHIBITED indicator momentarily depressed, the PUSH 

TO INHIB ALARM indicator shall extinguish, the ALARM INHIBITED indicator 
shall illuminate and 220*30 sec after the PUSH TO INHIB ALARM, ALARM 
INHIBITED indicator is released, the G/N POWER MODES DISABLED indicator 
shall illuminate. 

(3) With the PUSH TO INHIB ALARM, ALARM INHIBITED indicator depressed, 
released, and then depressed and held, the G/N POW'ER MODES DISABLED 
Indicator shall extinguish and shall illuminate again 40*5 sec after the PUSH 
TO INHIB ALARM, ALARM INHIBITED indicator is depressed and held. 

g. With S9 in the "ALARM ENABLE" position, the PUSH TO INHIB ALARM, ALARM 
INHIBITED INDICATOR momentarily depressed, the BLOCK I SERIES 100 and 
ALARM INHIBITED indicators illuminated, and the COOLANT SUPPLY FAIL lamp 
Bashing, the test shall be as follows: 

(1) With 28 vdc applied to pin J2-e (+) the BLOCK I SERIES 100 indicator shall 
extinguish, the GIMBAL LOCK CAUTION indicator shall illuminate, and the 
COLDPLATE TEMP FAIL indicator shall flash. The ALARM INHIBITED 
indicator shall extinguish, the alarm shall ring, and the PUSH TO INHIB 
ALARM indicator shall illuminate 180*25 seconds after the voltage is applied 
to pin J2-e. 

(2) With 28 vdc removed from J2-e (♦) and then applied to J2-f (♦), the BLOCK I * 
SERIES 100 indicator shall extinguish, the GIMBAL LOCK CAUTION indicator 
shall illuminate, and the COLDPLATE TEMP FAIL indicator shall flash. The 
ALARM INHIBITED indicator shall extinguish, the alarm shall ring, and the 
PUSH TO INHIB ALARM indicator shall illuminate 180*25 seconds after the 
voltage is applied to pin J2-f. 

4.3.31 Wheel Power Fail. With the MPL in the OLA On and ISS On Modes, the inputs 
specified in 4.2.1.3 except 4.2.1.3. e and m applied, and 28 vac at 800 cps applied to pins 
J3-h (Hi) and J3-i (Lo), the BLOCK I SERIES 100, and ALARM INHIBITED indicators shall 
illumlnato and the test shall be perfoxmed as follows: 

a. With the input specified in 4.2.1.3. m applied the -28 VDC FAIL PUSH RESET 
Indicator shall illuminate. Then with the voltage at pins J3-h (Hi) and J3-i (Lo) 
decreased to 0 vac, the WHEEL POWER FAIL PUSH RESET indicator shall be 
extinguished above 16 vac and shall be illuminated below 14 vac. 
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1. SCOPE 

1.1 PURPOSE. This specification establishes the detail requirements for complete identification 
and acceptance of the Electronic Buffer Assembly, Part No. 2901405-011, hereafter referred to 
as the assembly. 

2. APPLICABLE DOCUMENTS 

2.1 EFFECTIVE ISSUES. The following documents Torm a part of this specification to the 
extent specified herein. Unless otherwise specified, Military Standards and Specifications 
shall be the issue in effect on the date of request for proposal or invitation to bid. 

SPECIFICATIONS 

APOLLO G&N 

ND1002214 General Specification for Preservation, Packaging, Packing 

and Container Marking of APOLLO Guidance and Navigation 
Major Assemblies, Assemblies, Subassemblies, Parts and 
Associated Ground Support Equipment 

DRAWINGS 

APOLLO G&N 

2901405 Buffer Assembly, Electronic 

(Copies of specifications, standards, drawings, bulletins, and publications required 
by suppliers in connection with specific procurement functions should be obtained from 
the procuring activity or as directed by the contracting officer.) 

2.2 CONFLICTING REQUIREMENTS. In event of a conflict between requirements, the following 
order of precedence shall apply. The contractor shall also notify MIL/IL APOLLO Management 
of the conflict. 

a. The contract 

b. This specification 

c. Documents listed in this section 
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3. REQUIREMENTS 

3.1 PERFORMANCE 

3.1.1 Stepper Switch. A resistance of less than one ohm shall exist between the points 
specified in Table I for each of the stopper switch positions listed. 

3.1.2 Amplifiers. Amplifier outputs shall be nominally 1 v/v and 5.6 v/v, as specified in Table n. 

3.1.3 Relays, The voltage and resistance values shall be as specified in Table III for the 
listed relay operations. 

3.1.4 Transformer. The transformer outputs shall be 5.540.5 vac and 65±5 vac with 115±10 
vac, 400±20 cps applied to the transformer primary. 

3.1.5 Dimmer Control Resistance. Dimmer control resistance shall be 9K ±90 ohms. 

3.1.6 Temperature Indicator Operation. The temperature meter shall indicate a temperature 
deviation of 20 degrees at full scale. 

3.1.7 Limit Cycle Load. With inputs of 4.90±0.05 and 0.430±0.005 and a 28±1 vac, 800db40 cps 
reference, the outputs shall be a 115±25 mvac, 800±40 cps signal read across a 15K ohm load that 
switches in phase (from 0* to 180") at a rate of 200±10 times a second. 

3.1.8 Ground Isolation. The resistance between chassis ground, shield ground and power 
ground shall be 100K ohms minimum. 

3.1.9 Continuity. A resistance of less than 1.0 ohm shall exist between points on external 
connectors having common network numbers as defined on Drawing 2901473. 

3.2 PRODUCT CONFIGURATION 

3.2.1 Drawings. The configuration of the assembly shall be In accordance with Drawing 2900024 
and all drawings and engineering data referenced thereon. 
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4.3.4 Stepper Switch. With the recommended test setup as shown in Figure 1, continuity 
with a resistance of less than 1 ohm shall exist between the pins specified in Table L 

4.3.5 Amplifiers. The amplifiers of the assembly shall be tested in accordance with the 
requirements specified in Table n. 

4.3.6 Relays. Hie relays of the assembly shall be tested in accordance with the require¬ 
ments specified in Table m. All test voltages shall be removed at the completion of Sections 
A, B, C, D, E, and F, respectively. 

4.3.7 Transformer. With 115*10 vac, 400*20 ops applied to J27-L (Hi) and J27-N (Lo), 
the voltage measured at J33-q (Hi) and J33-r (Lo) shall be 65*5 vac and at J29-c (Hi) and 
J29-d (Lo) the voltage shall be 5.5*0.5 vac. 

4.3.8 Dimmer Control Resistance. With R4 adjusted as necessary, the resistance from 

J19-53 to J19-54 shall be 9K*90 ohms. With R5 adjusted as necessary, the resistance from 
J29-n to J29-p shall be 9Kfc90 ohms. The resistance between J64-a and J34-D shall be 10K±2K 
ohms. 

4.3.9 Temperature Indicator Operation. With 28*1 vdc applied to Jl-Y (Hi) and Jl-Z (Lo) and 
the temperature indicator switch set to the "20* CAL" position, the indicating meter shall read 
a nominal value of *20 degrees and the READ 20 DEGREE SCALE lamp shall illuminate. (Upon 
completion of this test, the temperature switch shall be returned to position "1".) 

4.3.10 Limit Cycle Load. With the conditions specified below established, the output 
voltage between J16-19 (Hi) and J2-KK (Lo) shall be a 155*25 mv ac, 800*40 cps signal which 
switches phase (from 0* to 180* ) at a rate of 200*10 times per second. Under these same It 
conditions the output voltage between J16-22 (Hi) and J16-20 (Lo) shall be 4.9*0.1 vac. 

a. A 15K ohm *2 percent resistor connected between J16-19 (Hi) and J2-KK (Lo). 

b. *28*1 vdc applied between J67-C (Hi) and J67-»d (Lo) and between J16-M (Hi), El (Lo), 
and J66-Z (Lo). 

c. 28*1 vac, 800*40 cps reference applied between Jl-a (Hi) and Jl-b (Lo). 

d. 0.430*0.005 vac, 800*40 cps at 180* *5* (with respect to the reference) applied 
between J2-JJ (Hi) and J2-KK (Lo). 

e. 4.90*0.05 vac, 800*40 cps at 0* *5* (with respect to the reference) applied between 
J2-MM (Hi) and J2-NN (Lo). 

5. PREPARATION FOR DELIVERY 

5.1 GENERAL. Preparation for delivery shall be in accordance with Specification ND1002214. 

6. NOTES. None. 


JEfcefo 


15 










APOLLO GIN Specification 
PS2016127 REV-A 
Original Issue Date: Ji/ltftb 
Release Authority: TDRR ?2f 23 
Class A Release 
Code Ident No. 99974 


PROCUREMENT SPECIFICATION 

PRODUCT CONFIGURATION AND ACCEPTANCE TEST REQUIREMENTS 
OPTICS INERTIAL TEST SET 
DRAWING NO. 2900022 


Record of Revisions 


Revision! 

Letter 


mm 


TDRR 

No. 


1-9 


Pages 

Revised 




Approvals 


NASA 





This specification consists of page 1 to 9 Inclusive. 















APOLLO GIN Specification 
PS2016127 REV - A 


1. SCOPE 

1.1 PURPOSE. This specification establishes the detail requirements for complete 
identification and acceptance of all units of the Optics Inertial Test Set, Part No. 2900022-04L 

2. APPLICABLE DOCUMENTS 


2.1 Same as basic specification. 

2.2 Same as basic specification. 

3. REQUIREMENTS 

3.1 Same as basic specification. 

3.1.1 Same as basic specification. 

3.1.2 and all its subparagraphs - Same as basic specification except added "LORS indicator 
shall be illuminated. " to paragraph 3.1.2.7. 

4. QUALITY ASSURANCE PROVISIONS 


4.1 Same as basic specification. 

4.1.1 Same as basic specification. 

4.1.2 Same as basic specification. 

4.2 Same as basic specification. 

4.2.1 Same as basic specification. 

4.2.2 through 4.2.2.3.3. r Same as basic specification. 
4.2.2.3.3. s Same as basic specification with addition of: 


(6) LORS J30-15 to J30-16 to J30-17 (OIA) [lORS indicator shall be 
illuminated when Pilot Power is on and when the system is not in the 
G&N and OSS configuration^ 


4.2.2.3.3. t through 4.2.2.8.2 Same as basic specification. 
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ADDENDUM NOTICE 

Thia apeciftcation haa been prepared as an addendum to: 

Specification No. PS2900063 
Revision * — 

Release Date VVU* 

FOR 

CONTROLLER, TEMPERATURE, LIFTING 
Used With 

The APOLLO GAN System 

The exact content of Specification PS2900063 used as the basic document for this 
addendum is the revision referenced above plus the following specification change 
notices to Specification PS2900063. 
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1. SCOPE 

1.1 PURPOSE. This specification establishes the detail requiremente for complete 
Identification and acceptance of the Controller, Temperature, Lifting, hereafter called 
the Controller, Part Number 2900063-021. 

2. APPLICABLE DOCUMENTS 

2.1 Same as basic specification. 

2.2 Same as basic specification. 

3. REQUIREMENTS 

3.1 Same as basic specification. 

3.1.1 Same as basic specification. 

3.1.2 Same as basic specification. 

3.1.3 Hot and Cold Alarm. The controller shall indicate, aurally and visually, "IMU-oold" 
and "IMU-hot" conditions as follows: 

. a. Cold Alarm: The IMU-cold lamp shall begin flashing, the alarm bell on the PTC 
shall begin ringing, and the flasher on the Battery Power Supply and Flasher shall 
begin flashing, when the indicating sensor resistance is increased to 2750±5 ohms. 

b. Hot Alarm: The IMU hot lamp shall begin flashing, the alarm bell on the PTC 
shall begin ringing, and the flasher on the Battery Power Supply and Flasher shall 
begin flashing, when the indicating sensor resistance is decreased to 2210±5 ohms. 

3.1.4 Same as basic specification. 

3.2 Same as basic specification. 

3.2.1 Same as basic specification. 
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r 4. QUALITY ASSURANCE PROVISIONS 
„ 4.1 Same as basic specification 

4.2 Same as basic specification. 

4.2.1 Same as basic specification. 

4.2.1.1 Same as basic specification. 

4.2.1.2 Same as basic specification 

4.2.1.3 Same as basic specification. 

4.2.1.4 Same as basic specification. 

4.2.2 Same as basic specification. 

4.3 Same as basic specification. 

4.3.1 Same as basic specification. 

4.3.2 Same as basic specification. 

4.3.3 Same as basic specification. 

4.3.4 Hot and Cold Alarm. The hot and cold alarm test shall be performed as follows: 

a* Cold Alarm: With the indicating sensor resistance increased to 2750±5 ohms, the 
IMU-COLD lamp shall begin flashing, the alarm bell on the PTC shall begin ringing, 
and the flasher on the Battery Power Supply and flasher shall begin Hashing. With 
the ALARM INHIBITED (SYSTEM RESET) switch depressed, the alarm bell shall 
cease ringing and the IMU-COLD lamp and the flasher shall continue flashing. With 
the indicating sensor resistance decreased to 2500±5 ohms and the ALARM INHIBITED 
(SYSTEM RESET) switch again depressed, the IMU COLD lamp and the flasher shall 
cease flashing. 

h. Hot Alarm: With the indicating sensor resistance decreased to 2210±5 ohms, the 
IMU-HOT lamp shall begin flashing, the alarm bell on the PTC shall begin ringing, 
and the flasher on the Battery Power Supply and Flasher shall begin flashing. With 
the ALARM INHIBITED (SYSTEM RESET) switch depressed, the alarm bell shall 
cease ringing and the IMU-HOT lamp and the flasher shall continue flashing. With 
the indicating sensor resistance increased to 2500±5 ohms and the ALARM INHIBITED 
(SYSTEM RESET) switch again depressed, the IMU-HOT lamp and the flasher shall 
cease flashing. 

Figure 1 Same as basic specification. 

4.3.5 Same as basic specification. 


5. PREPARATION FOR DELIVERY 


5.1 Same as basic specification. 
6. NOTES 
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ADDENDUM NOTICE 

Thia specification has been prepared aa an addendum to: 

Specification No. 2900060 ' 

Revision A 
Release Date 

FOR 

CONTROLLER, TEMPERATURE, PORTABLE 
Uaed With 

The APOLLO GAN System 

The exact content of Specification PS2900060 used as the basic document for this addendum 
is the revision referenced above plus the following specification change notions to Specification 
PS2900060. 
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1.1.3 Same aa basic specification. 

1.1.3.1 Same as basic specification* 

1.1.3.2 Hot. The hot temperature alarm operation shall be in accordance with the following 
requirements. 


EQUIPMENT CONDITION _ OPERATION 


a. 

2230 to 2220 ohms present between 
J4-C, J4-P, J4-K and J4-T (all 
interconnected) and J4-G 

Alarm bell ringing IMU HOT 
flashing Continuity between 
J3-A and J8-B 

b. 

2270 ohms maximum present between 
J4-C, J4-P, J4-K and J4-T (all 
interconnected) and J4-G 

IMU HOT extinguished 
Continuity between J3-B and 
J3-C 

c. 

2254.1 ohms present between J4-C, 
J4-P, J4rK and J4-T, (all inter¬ 
connected) and J4-G, momentarily 
turn power selector switch to OFF 

No permanent temp alarm shall 
result 


3.1.3.3 Same as basic specification. 

3.1.4 Same as basic specification except change 3.1.4.f as follows: 

"f. With an input of 25.2 vdc, the output shall be a minimum of 60 watts.” 

3.1.5 Same as basic specification except change 3.1.5. a as follows: 


a, 


115 vac present at J2-M and J2-J, 

PTC at one-half power output, 138* 
calibration switch depressed and bold. 


! Output power shall drop to zero. 


3.1.6 Same as basic specification* 





